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COUNTING REPEATED LIGHT FLASHES AS A FUNCTION 
OF THEIR NUMBER, THEIR RATE OF PRESENTATION, 
AND RETINAL LOCATION STIMULATED! 

D. M. FORSYTH anv A. CHAPANIS 
Johns Hopkins University 


Several recent experiments have 
been concerned with the variables 
affecting an O’s perception of the 
numerousness of repeated stimuli. 
Auditory (3, 4,7), tactual,? and visual 
stimuli? (2, 5, 8, 9) have been so 
studied. In these investigations vary- 
ing numbers of successive stimuli 
were presented at different rates. 
The O was instructed to count, 
judge or estimate the number of 
stimuli presented. In general, Os 
underestimate the number of stimuli 
presented and this underestimation 
increases as the rate of stimulus 
presentation increases. 

The present experiment is con- 
cerned with the counting of repeated 
light flashes as a function of their 
number, their rate of presentation, 
and retinal location stimulated. The 


1This study was done under Contract 
N5-ori-166, Task Order 1, between the Office 
of Naval Research and Johns Hopkins Univer- 
sity. This is Report No. 166-I-212, Project 
Designation No. NR 145-089, under that con- 
tract. Reproduction in whole or in part is 
permitted for any purpose of the United States 
Government. A summary of this study was 
presented at the 1957 meetings of the American 
Psychological Association (1). 

2C. T. White. Personal communication, 
1957. 


first two of these variables cover a 
wider range of values than has 
previously been investigated in any 
single study. The third variable— 
retinal location—has not been in- 
cluded in earlier experiments of this 
sort. 


MetTHoD 


Subjects —Thirty young men, 18 to 26 yr. old, 
and 6 young women, 19 to 24 yr. old, were Os. 
All were volunteers who were compensated for 
their services. None of them wore glasses. 

Apparatus.—Flashes of light were produced 
by a Sylvania R1131C glow-modulator tube. 
On and off triggers generated by two variable- 
frequency oscillators produced electric square 
waves which were the inputs to the flash tube. 
The rise and decay characteristics of the tube 
are such that for all practical purposes the pulses 
of light were square waves. A Hewlett-Packard 
electronic counter provided precise readings of 
on-off times, and a scaler gate permitted E 
to select the exact number of flashes to be pre- 
sented on any given trial. At all frequencies 
“on” time equalled “off” time. 

The test field, mounted in the center of a 
semicylindrical surround, subtended 4 degree 
of visual angle. Luminance of the test field 
was approximately 1800 mL.; luminance of the 
surround was approximately 22 mL. All ob- 
servations of the stimulus were monocular 
(right eye). A head rest helped O keep his 
head in the same position on all trials. All 
retinal displacements are measured from the 
fovea (0°) in the horizontal plane. They were 
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obtained by having Os fixate red point-sources 
of light at appropriate angular displacements 
(temporally) from the test field in the center 
of the surround, the position of the head remain- 
ing fixed. Thus the light always stimulated 
the temporal retina. Except for trials at the 
fovea, the one correct fixation point during any 
given trial was lighted by E£. 

Procedure.—Six frequencies, 2.5, 5, 10, 15, 
22.5, and 30 cps, and six retinal displacements, 
0° (fovea), 2.5°, 5°, 10°, 20°, and 40°, were 
used. Every O was given 20 trials (one for 
each of 1 to 20 flashes of light) at every one of the 
36 combinations of frequency and retinal 
displacement. Thus each O made 720 judg- 
ments—20 X 6 X 6. 

The procedure was as follows: Each O par- 
ticipated in six experimental sessions, one on 
each of six different days, generally within a 
two-week period. On any one day O received 
120 trials, all at one frequency, i.e., the 1 to 
20 flashes at each of the six retinal displacements. 
The 120 combinations of retinal position and 
number of flashes were presented in a random 
order but with the restriction that each com- 
bination appeared only once in the sequence. 
The order of the frequencies used on the six 
days was different for every O, but each fre- 
quency appeared first in the series for 6 Os, 
second in the series for 6 Os, etc. Experimental 
sessions lasted about 20 min: 

Instructions—The Os were instructed to 
estimate the number of flashes they had seen, 
but were given no information about the range 
of numbers to be expected. They were further 
instructed that they would usually not be able 
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Fic. 1. Mean judged number as a function 
of number of flashes presented at the fovea. 
Each point represents the mean of 36 observa- 
tions, one for each of 36 Os. Each curve is for 
a different rate of presentation. 
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Fic. 2. Mean judged number as a function 
of number of flashes presented at a retinal 
displacement 40° temporally from the fovea. 


to count the flashes, but were to make the best 
estimate possible as to how many there had 
been. 

After receiving a ready signal from £, O 
initiated each train of light flashes by pushing 
a button. The instructions emphasized that 
they were not to do this until they were fully 
prepared to observe. 


RESULTS 


Figure 1 shows a plot of mean 
judged number vs. number of light 
flashes presented at the fovea. At 
2.5 cps, the mean judged number for 


20 flashes is 19.2. The slope of that 
curve is very nearly 1. This means 
that at 2.5 cps the average estimates 
are very accurate. As frequency is 
increased the slopes of the curves 
decrease, indicating greater and 
greater constant errors of estimation. 
For example, when 20 flashes are 
presented at 30 cps, the mean judged 
number is only 6.1. 

Figure 2 is similar to Fig. 1, but 
for a retinal displacement of 40°. A 
comparison of the two figures shows 
that the effect of the displacement 
has been to lower the slopes of the 
curves at all frequencies. Constant 
errors of estimation increase with 
increasing retinal displacement. 

Plots similar to those in Fig. 1 and 
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2 were prepared for retinal displace- 
ments of 2.5°, 5°, 10°, and 20°. The 
method of least squares was used to 
fit straight lines to the resultant 36 
regression lines. The slopes of these 
straight lines provide a convenient 
measure of the effects of frequency 
and retinal displacement on these 
functions. The 36 slopes appear in 
Table 1. 

Constant errors of estimation.—The 
slopes in Table 1 are all less than 
1. This means that Os typically 
underestimate the number of flashes 
presented. Of a total of 25,920 
judgments, only 446 were overesti- 
mates, whereas 21,344 were under- 
estimates. The majority of the over- 
estimates (320) occurred at 2.5 cps. 
Overestimations decrease rapidly as 
frequency increases. Of the 4,320 
judgments at 30 cps only 4 were 
overestimates. At 2.5 cps over- 
estimations are relatively independent 
of the number of flashes presented. 
At higher frequencies overestimates 
occur only for small numbers of 
flashes. 

Table 2 gives rf and 7»? for all 
regression lines. The linear com- 
ponent of all regression lines is 
significant beyond the .001 level. 
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TABLE 1 


Stores or tHe Recression Lines RELATING 
Mean Jupcep NumBer To 
PRESENTED NUMBER 


Retinal | Frequency in cps 


Displace- |__ 





Asterisks identify those curvilinear 
components which are statistically 
significant. It is plain that even 
when the curvilinear component is 
significant, the variance not ac- 
counted for by the linear component 
is due mainly to error and not to 
curvilinearity. The largest difference 
between r* and 7? is only .025. The 
values in Table 2 should be inter- 
preted with some caution because of 
the heterogeneity of variance in these 
data (see Fig. 6 and the accompany- 
ing discussion). 

Effects of frequency.—In Fig. 3, the 
slopes of the regression lines are 
plotted against frequency. Free- 
hand curves have been fitted through 


TABLE 2 


r? AND 7” FOR THE REGRESSION Lines Retatinc MEAN JupGED 
NumBer To PreseNteD NUMBER 








Frequency in cps 











‘ g | .899 | .900 |. 
.966 | .967* | .873 | 874 |. 
.959 | .961 | .866 .868 
.934 | .937* | 855 | .856 
889 | .892 | .836 | .839 


847 | 850 | (781 | .784 | 7 


| .716*** 
.728°** 
_731*** 
awe 
682** 
616 





P > 01, for curvilinear component. 
P > .001, for curvilinear component. 
00 


< .001, for curvilinear component. 
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only the extreme points to show the 
general shape of the function. De- 
spite the small range at each fre- 
quency, the ordering of the slopes 
for the different retinal displacements 
is highly consistent. The most im- 
portant thing to note from this 
graph is that the effect of frequency 
on the ability of an observer to follow 
a train of light flashes is roughly 
hyperbolic (log-log transforms of these 
curves yield very good straight lines). 

Effects of retinal location.—Figure 
4 shows slopes plotted against retinal 
displacement. The curves in Fig. 4 
were drawn by visual inspection and 
are subject to a certain amount of 
arbitrariness. We regret especially 
not having collected data at a retinal 
displacement of 30°, but we had not 
anticipated finding trends like those 
shown in the figure. Despite this 
limitation we feel that two important 
relationships are apparent in these 
data: (a) The curves are two-limbed 


with a fairly clear-cut separation 
between the central and peripheral 
areas of the eye, and (6) as frequency 
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Fic. 3. The slopes in Table 1 are plotted 
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Fic. 4. The slopes in Table 1 are plotted 
here as a function of retinal displacement. The 
different curves are for different rates of presen- 
tation. 


40° 


increases the breaks in these functions 
occur farther out in the periphery 
of the eye. 

PyEstimations as a function of total 
elapsed time—Cheatham and White 
(2) and White* have used the concept 
of “subjective rate” or “perceptual 
rate” in explaining their findings. 
They believe that this subjective rate 
has an upper limit of 6-8 pulses per 
second. They further assert that the 
subjective rate is determined pri- 
marily by some temporal patterning 
process in the central nervous system 
and not by the objective stimulus 
rate. To support this point of view 
they have plotted their data in terms 
of the total elapsed time occupied by 
a train of pulses. In Fig. 5 the data 
from Fig. 1 are similarly replotted 


3 See Footnote 2. 
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as a function of total elapsed time. 
Certain points at the lower frequencies 
have been omitted. Line a represents 
the slope which would result if the 
subjective rate were 6 flashes/sec. 
We are concerned merely with the 
slope of this line, not with its point of 
origin. 

Our data are in substantial agree- 
ment with those of Cheatham and 
White. When the objective flash 
rate is 22.5 or 30 flashes/sec. and the 
trains of pulses occupy less than 
300 msec., the over-all slopes of the 
curves correspond to subjective rates 
of about 13 flashes/sec.. For ob- 
jective rates of 15, 22.5, and 30 
flashes/sec. and for trains of pulses 
which are more than 300 msec. in 
duration, the subjective rate is almost 
exactly 6 flashes/sec. For an ob- 
jective rate of 10 flashes/sec. the 
subjective rate is slightly less than 
6 flashes/sec. The other two curves 


are not comparable since the objective 
rates are both less than 6 flashes/sec. 

Plots similar to those of Fig. 5 
have been constructed for the other 


retinal locations. In general, two 
trends are apparent: (a) The very 
steep slope during the first 300 msec. 
is gradually reduced until at a retinal 
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Fic. 5. Mean judged number as a function 
of total elapsed time from the start of a train 
of light flashes. Each point represents the mean 
of 36 estimates. 
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Fic. 6. Each point is a standard deviation 
of the 36 responses made for each combination 
of number of pulses and stimulus rate. These 
data are for foveal vision only. 


displacement of 40° the slopes of the 
curves are nearly constant from 
beginning to end. (b) Although dis- 
placed downward in amplitude, the 
curves have over-all slopes almost 
identical to those in Fig. 5 for dura- 
tions above 300 msec. 

Variability of the estimates —The 
variability of the responses increases 
fairly regularly with an increase in 
the number of flashes presented. 
Figure 6 is for foveal vision only, but 
this general statement holds for all 
retinal displacements. 

In Fig. 6 the frequencies exhibiting 
the greatest variability are 10 and 
15 cps, those exhibiting the least 
variability are 2.5 and 30 cps, while 
5 and 22.5 cps fall roughly in the 
middle. There is, however, an inter- 
action between frequency and retinal 
displacement that has an effect on the 
variability. In order to quantify 
this effect without becoming involved 
in complicated plots, the SD’s in the 
data were rank-ordered in two ways. 
In the first instance we worked from 
Fig. 6 and from similar plots for the 
other five retinal displacements. The 
first step was to rank-order the 
frequencies at each number of flashes 
presented, assigning 1 to the largest 
and 6 to the smallest SD at each num- 
ber. The ranks for each frequency 
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TABLE 3 


Mean Rank Orper oF VARIABILITIES 
AVERAGED OVER ALL NuMBERS 
or FLasues Presentep: 
ANALYzED BY RETINAL 
DIsPLACEMENTS 








Frequency in cps 





1s |22.5| 30 

















** P < .001, for Kendall's W. 


were then averaged across all numbers 
of flashes. These are the entries in 
Table 3. The entry W is Kendall’s 


coefficient of concordance. Line 1 


of Table 3, therefore, summarizes 
the data presented in Fig. 6. 

Since the W’s in Table 3 are all 
moderately high and statistically sig- 


nificant, this indicates that the vari- 
abilities for the different frequencies 
tend to be consistent at any retinal 
location. Table 3 also shows the 
interaction between frequency and 
retinal location. This is reflected 
in the changes of the mean ranks 
within columns. At the fovea 10 and 
15 cps have the greatest, and similar 
variabilities, while 2.5 and 30 cps 
have the least. As retinal displace- 
ment increases, the pattern shifts 
until at 40° there is a fairly regular 
decrease in variability from 2.5 
through 30 cps. 

The second method of analyzing 
the variability data also started with 
six sets of curves in which SD’s were 
plotted against number of flashes 
presented. This time, however, there 
was one set for each frequency. 
Each set in turn consisted of six 
curves, one for each retinal displace- 
ment. Within each set of curves we 
then rank-ordered retinal displace- 
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TABLE 4 


Mean Rank Orper oF VARIABILITIES 
AVERAGED OVER ALL NumBERS 
oF Fiasues PresenTeED: 
ANALYZED BY FREQUENCIES 





Retinal Displacement 





| _Rge** 
"50%" 


20 tn DA tm D Go 
D ininmw ain 


MWwwwhyee 





| 


** 01 > P > .001, for Kendall's W. 
= P < .001, for Kendall's W. 


ments, assigning 1 to the largest 
and 6 to the smallest SD for each 
presented number. The ranks for 
each retinal displacement were then 
averaged across all numbers of flashes. 
These are the entries in Table 4. 
Whereas Table 3 shows the mean 
rank for each frequency at any given 
retinal location, Table 4 shows the 
mean rank for each retinal location 
at any given frequency. 

There is not as much consistency 
in Table 4 as in Table 3. This says 
in effect that the variability in the 
estimates is affected more by fre- 
quency than by retinal location. 


Discussion 
Cheatham and White (2) have re- 


ported an experiment similar to ours 
but for foveal vision only and for smaller 
ranges of the other variables. When 
they plotted their data in a form similar 
to our Fig. 1, they found distinct steps 
in the curves, regions where the mean 
judged number remained essentially 
constant through a range of several 
presented flashes. They hypothesized 
that the steps represent some type of 
perceptual unit, an advance from one 
step to the next being governed by a 
probability-type function where the addi- 
tion of one more light flash increases 
the probability that one more subjective 
flash will be perceived. 
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In this type of situation where the 
range of responses is much smaller than 
the range of stimuli, if an individual O 
is consistent in correlating responses 
with stimuli, it is inevitable that the 
curve showing responses as a function 
of stimuli will contain steps. We found 
this for each of our Os as did the workers 
at Mount Holyoke (5) when they plotted 
data for individual Os. The precise 
points at which steps occur differ for the 
various Os. Thus, in averaging one 
observation for each of 36 Os at each 
point we obtain curves which are regular. 
The curves plotted by Cheatham and 
White, however, are for 10 observations 
made by each of 5 Os, and so confound 
the variance within Os with the variance 
between Os. In this process the dif- 
ferences between Os contribute much 
less weight to the mean curves. We 
believe that this may explain why they 
found step functions and we did not. 
An additional consideration is that 
Cheatham and White used highly trained 
Os whereas ours were relatively naive. 
One might expect that highly trained 
Os would exhibit a considerable amount 
of internal stability. 

The double-limbed curves which re- 
sult when our data are plotted as a 
function of retinal displacement were 
completely unexpected since such func- 
tions are normally obtained only when 
luminosity is one of the variables. The 
most nearly relevant study we could 
find is an experiment by Ross (6) who 
measured CFF at retinal displacements 
from 0° to 45°. He found no evidence 
of a duplex function, although, of course, 
his experiment is not completely analo- 
gous to the one reported here. We are 
convinced that our duplex functions are 
genuine, but at the present time we 
have no good explanation for them. 


SUMMARY 


From 1 to 20 flashes of light were presented 
to Os at six frequencies (2.5 to 30 cps) and six 
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retinal displacements (0° to 40°). For the 
pooled data of 36 Os, mean judged number is 
generally a linear function of the number of 
flashes presented. The slopes of these straight 
lines are hyperbolic functions of frequency for 
all retinal displacements. The slopes of these 
straight lines plotted against retinal displace- 
ment yield discontinuous, two-limbed curves 
in which the position of the break is a function 
of frequency. At all frequencies the vari- 
ability of the responses increases as number of 
flashes increases. The variability in the esti- 
mates is affected more by stimulus frequency 
than by retinal location. 
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A PROCEDURE FOR INCREASING WORD ASSOCIATION 
ORIGINALITY AND ITS TRANSFER EFFECTS! 


IRVING MALTZMAN, WILLIAM BOGARTZ, ann LOUIS BREGER 
University of California, Los Angeles 


Studies by Maltzman and his 
associates (5) have been concerned 
with examining the relationship be- 
tween uncommon verbal responses 
and problem solving and _ with 
attempts to facilitate problem solving 
by evoking uncommon responses. 
The present study, in contrast, is 
concerned directly with the facilita- 
tion of uncommon verbal responses. 

One of the group of originality tests 
developed by Guilford and his co- 
workers (2, 7), the Quick Responses 
Test, is a free association test in 
which the frequency of occurrence 
of a response to a given stimulus 
word is taken as its measure of un- 
commonness. In terms of S-R theory 


the response that occurs to a given 


stimulus in the free association situa- 
tion is the one which is dominant 
in the response hierarchy elicitable 
by that stimulus. It has the greatest 
amount of excitatory strength at the 
moment of stimulus presentation. 
Responses that are uncommon or 
original must be lower in the response 
hierarchy, possess a weaker excitatory 
potential. If, therefore, a situation 
could be arranged in which S is 
induced to give responses low in his 
hierarchy, there would be an increase 
in the originality of his responses. 
Training of this nature might then 


1 This research was supported in part by the 
United States Air Force under Contract No. 
AF 41(657)-52, monitored by the Operator 
Laboratory Field Extension No. 1, Air Force 
Personnel and Training Research Center, Lack- 
land Air Force Base, Texas. Permission is 
granted for reproduction, translation, publica- 
tion, use, and disposal in whole and in part by 
or for the United States Government. 


produce a disposition to give un- 
common responses in other situations. 
The procedure employed in this study 
in an attempt to produce the desired 
effect is the simple one of repeatedly 
presenting the same stimulus words 
with instructions to give a different 
response each time. This is only one 
of several different procedures that 
may be used to induce Ss to increase 
the uncommonness of their responses, 
but it is well suited for use in the 
free association situation. 

Two further experimental variables 
were introduced in an attempt to 
facilitate the effect of the primary 
experimental variable of repeated 
presentation of the stimulus words 
and evocation of different responses. 
These were verbal reinforcement of 
uncommon responses on a partial 
reinforcement schedule, and instruc- 
tions to be original. 

Following the free association test, 
Ss were given Guilford’s Unusual 
Uses test of originality? (2, 7) in order 
to estimate the generality of the effects 
of training and instructions to give 
uncommon responses. An alternate 
form of the test was devised and 
employed with approximately one- 
third of the Ss, but was discarded 
because the response distributions 
obtained appeared quite different 
from those obtained from the Guilford 
form. 


MeETHOD 


Subjects —The Ss were 120 students, 60 men 
and 60 women, drawn from introductory 
psychology classes. 


2 We are indebted to Paul R. Christensen for 
kindly providing us with a copy of this test. 
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Stimulus materials—The stimulus words 
employed in the free association situation were 
selected from the norms obtained by Wilson (6). 
He presented words culled from previous word 
association lists to 300 Ss. Presentation of the 
words was conducted on an individual basis, 
and each S responded only once to each of the 
stimulus words. Oral presentation of the words 
was employed, as was the case in this study. 
Fifty words with the smallest number of dif- 
ferent responses associated to them were selected 
for the training and test lists. The words are 
presented in Table 1. 

The Unusual Uses test asks S to consider in 
order six different common objects—an auto- 
mobile tire, a key, a safety pin, a watch, a button, 
and eyeglasses. A common use for each object 
is described in the test, and S is asked to give 
additional different uses for each of them. Ten 
minutes is allowed for completion of the test. 

Procedure.—The Ss were treated in identical 
fashion on the initial presentation of the free 
association training list, and received the usual 
instructions to respond as quickly as possible 
with the first word that came to mind. After 
their first completion of the training list the two 
experimental groups were instructed to again 
respond as quickly as possible to each word, but 
to give a different response from the one used 
before. The training list was repeated five 
times in this fashion. The two experimental 
groups receiving repeated presentations of the 

training list differed only with respect to the 
“administration of verbal reinforcement for 
responses that were judged to be uncommon. 
These judgments were based on the analysis of 
data obtained from an initial exploratory experi- 
ment. For the reinforcement group approxi- 
mately every fifth uncommon response to the 
training words was called “good” by E. 

The experimental groups received the test 
list of new words after the last repetition of the 
training list while the control group received 
the test list after their first completion of the 
training list. Prior to the presentation of the 
test list half the Ss in each of the three groups 
received instructions to be as original as possible 
on the new list of words while the remaining Ss 
received the usual free association instructions. 

Following completion of the free association 
test list Ss were given the Unusual Uses test. 
Approximately half the Ss within each of the 
six free association subgroups were given in- 
structions to be as original as possible and half 
were not. 


RESULTS 


The frequency with which the 
different responses occurred to each 


TABLE 1 


Stmutus Worps Emptoyen tn Free 
AssociaTION TRAINING AND 
Test Lists 








Training List Test List 





. pencil 


Seer anew 


os 
ne 


. brown 
. Sweet 
- Mutton 














stimulus word was determined for 
the training and the test lists. The 
Ss’ responses were then scored on the 
basis of the obtained frequencies, 
and each S was assigned an originality 
score which was the mean frequency 
of his 25 responses. A low score 
therefore represents high originality. 

It was assumed that the training ad- 
ministered the experimental groups, 
i.e., repeated presentation of the 
initial list with instructions to give 
different responses, would increase 
the uncommonness of the responses 
to the training words. Analysis of 
the response frequencies on successive 
presentations of the training list 
indicated that this condition was 
obtained. On the average, over 75% 
of the responses on the fifth repetition 
were unique, i.e., were given by only 
one S. This represents more than 
a threefold increase over the initial 
presentation of the training list. 
Almost identical results were ob- 
tained for the two experimental 
groups, indicating that the verbal 
reinforcement employed did not 
markedly influence the uncommonness 
of the responses during training. 

A factorial analysis of variance of 
performance on the initial presenta- 
tion of the training list showed that 
the various groups did not differ 
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TABLE 2 


Unapjustep anp Apsustep Mean Free Association Test OriGINnALiITy ScoRES 








Training 


Reinforced 


Training Control 





Mean Mean 





Unadjusted 
No instructions 
Instructions 
Adjusted 
No instructions 


20.94 
4.93 


21.37 











| 20.49 
| 441 


23.98 
7.61 


23.80 





20.34 








significantly prior to introduction of 
the experimental treatments. Since 
performance on the initial’ presenta- 
tion of the training list and the test 
list was significantly correlated for Ss 
in the three nonoriginality instruc- 
tion subgroups (r = .54), an analysis 
of covariance was conducted on these 
groups. Analysis of variance was 
employed in a separate evaluation 
of the three originality instruction 
subgroups because their test per- 
formance was not significantly cor- 
related with performance on the in- 
itial presentation of the training list, 
and their variances were appreciably 
smaller than the nonoriginality in- 
struction groups 

Table 2 shows the adjusted and 
unadjusted mean originality scores 
obtained by the various groups on 
the test list. 

Results of an analysis of covariance 


(3, Type I) of the scores obtained 
by the experimental and control 
groups that did not receive originality 
instructions are shown in Table 3. 
It is evident that the main effect of 
training is significant. Also signifi- 
cant are the item effects and the 
treatment by item interaction, indi- 
cating that the stimulus words dif- 
fered in their tendency to evoke 
uncommon responses, and that this 
tendency differed under the control 
and experimental conditions. Results 
of ¢ tests show that the verbally 
reinforced experimental training group 
gave significantly more original re- 
sponses than the control group 
(P = <.02). The difference between 
the experimental training group that 
did not receive verbal reinforcement 
and the control group is in the same 
direction, but does not quite reach an 
acceptable level of confidence 


TABLE 3 


Awnatysis oF CovaARIANCE oF No-Oricrnauity Instruction Groups 
ON THE Free Association Test List 








oases | 


df 


MS 





Treatments (T) + Error (b) 

Error (b) 

Treatments 

Items (I) + Error (w) 

Error (w) 
Items 


TXI 
TXI 


+ Error (w) 
Error (w) 





| 499.51 
| 1604.95 
187.82 
5482.95 


187.82 
342.95 
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(.05 < P < .10). 
mental groups 
nificantly. 

Results of an analysis of variance 
(3, Type I) of the test list scores 
obtained by the experimental and 
control groups receiving originality 
instructions are shown in Table 4. 
Significant training and item effects 
and a treatment by item interaction 
were again obtained. The results of 
t tests show that the nonreinforced 
experimental group gave significantly 
more original responses than the 
control group (P = <.01). The re- 
inforced experimental group again is 
significantly superior to the control 
group (P = <.01) while the two 
experimental groups do not differ 
significantly. 

It is evident from an inspection 
of the means that originality instruc- 
tions produced a marked increase 
in the uncommonness of response 
and greatly reduced the variance. 
A t test employing half the appropri- 
ate degrees of freedom was used 
to evaluate the difference between the 
two instruction conditions (3). The 
difference between the obtained means 
is highly significant (P = <.0001). 

Originality scores for performance 
on the Unusual Uses test were ob- 


The two experi- 
do not differ sig- 


TABLE 4 


ANALYs1s OF VARIANCE OF ORIGINALITY 
Instruction Groups ON THE FREE 
Association Test List 








Source df 





Treatments 2 5.89** 
Error (b) 


Within Ss 


Between Ss | 59 


| of 
1438 
24 7.16** 
48 1,53* 
1366 


1497 


Error (w) 


Total 











TABLE 5 


ANALYsIs OF VARIANCE oF UnuSUAL 
Uses Fiuency 





Source 





Treatments (T) 
Instructions | (I;) 
Instructions 2 (I;) 
TXh 

TXhkL 

LX 
TXLxXk 
Within cells 


Total 


—Nme the hO 


oo 





oO 
nm 











SP < 0. 


tained by a procedure similar to the 
one employed for the free association 
test. The frequency with which dif- 
ferent relevant uses occurred for each 
of the six objects mentioned in the 
test was first determined. The Ss’ 
uses were then rescored on the basis 
of the obtained frequencies. Each 
S’s originality score was taken as the 
sum of the weighted uses divided by 
his total number of uses offered. 
The total number of uses was also 
taken as a measure of fluency. 

The fluency and originality meas- 
ures derived from the Unusual Uses 
test in this manner did not correlate 
significantly with the originality scores 
obtained from the initial presentation 
of the free association training list. 
These data were therefore evaluated 
by 3 X 2X2 factorial analyses of 
variance rather than covariance. A 
summary of the analysis of variance 
of the fluency scores is shown in 
Table 5.- The only significant effect 
obtained is the interaction of free 
association training with originality 
instructions given prior to the free 
association test. Inspection of the 
mean fluency scores in Table 6 sug- 
gests that originality instructions 
given prior to the association test in 
conjunction with the experimental 
training are related to a decrease in 
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TABLE 6 
Mean Unusuat Uses Fivency 
Training — Control 
Instructions 
N | Mean | N | Mean | N | Mean 
None » | 6|21.67| 7 | 17.43} 8 | 13.88 
Free association | 7 | 11.29) 8 | 12.75 | 7 | 18.00 
Unusual uses 8 | 15.13 | 8 | 12.75 | 9} 16.11 
Free association | 8 | 13.63 | 9 | 13.44) 8 | 16.88 
and unusual 
uses 
the fluency of unusual uses. There 


is also apparent a tendency for fluency 
to increase as a function of originality 
training when originality instructions 
are absent. These results, however, 
must be viewed with caution since 
the cell frequencies in the analyses 
of variance are disproportionate. 


Analysis of variance of the originality scores 
derived from the Unusual Uses test in the man- 
ner described above showed that none of the 
treatments or their interactions is significant. 
It was reasoned, however, that the scoring 
method used may not give adequate weight to 
the uncommon responses. An alternative scor- 
ing method was therefore investigated. How- 
ever, selection of a new scoring procedure in this 
manner capitalizes on chance variations in the 
scores, and the results obtained from the re- 
analysis must also be viewed with caution. 
The new originality scores were obtained by 
determining the number of uses given by each S 
which had a frequency of 10% or less. The 
mean number of uncommon responses scored in 
this fashion are shown for each group in Table 7. 














TABLE 7 
Mean Numser oF Oricinat Uses 
Training igintosced Control 
Instructions 
N | Mean] N | Mean} N | Mean 
None 6 | 10.50) 7 | 8.29} 8 | 4.13 
Free association | 7 | 5.00) 8 | 6.25 | 7 | 9.14 
Unusual uses 8 | 7.13) 8 | 5.50) 9 | 8.89 
Free association | 8 | 6.38) 9 | 6.56] 8 | 7.75 
and unusual 
uses 
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TABLE 8 


ANALYsIs OF VARIANCE OF 
Oricinat Uses 























Source df MS F 
Treatments (T) 2 6.18 35 
Instructions; 1 4.77 27 
Instructions: 1 01 .00 
TXh 2 | 39.63 | 2.25 
TX 2 | 21.59 | 1.23 
Lx 1 .22 01 
TXLxXlk 2 | 67.72 | 3.85* 
Within cells 81 17.60 
Total 92 

*P < 0S. 


A summary of the analysis of variance of these 
originality scores is shown in Table 8. Only the 
triple-order interaction was found to be signifi- 
cant. Simple analyses of variance were con- 
ducted to determine the locus of the interaction. 
The results of these tests show that, in the 
absence of originality instructions, training in 
the free association situation produced a signifi- 
cant increase in originality on the Unusual Uses 
test (P = .05). As indicated in Table 7, the 
mean originality scores in the first column are 
significantly different. The means in each of 
the remaining columns do not differ significantly 
within the column. The means in the first 
and in the last row differ significantly within the 
respective rows (P = .05). Originality instruc- 
tions in conjunction with originality training 
without verbal reinforcement appear to have 
produced a significant decrease in originality 
on the Unusual Uses test. A similar trend may 
be seen in the originality training condition with 
verbal reinforcement, but the decrement is not 
significant. Originality instructions produced 
the opposite effect in the control condition. In 
the absence of originality training in the free 
association situation, instructions to be original 
appear to have facilitated the production of 
original uses. 

These interpretations are highly tentative 
since they are based upon a reanalysis of data, 
as previously indicated. That these differences 
could be due to chance variations is even more 
likely in view of their appearance only as a 
triple-order interaction. This is especially the 
case where the cell frequencies are disproportional 
as they are here. 


Discussion 


The results obtained clearly suggest 
that the originality of word associations 











to new words can be facilitated to a 
significant degree. Repeated evocation 
of different responses to the same train- 
ing words as well as instructions to be 
original produced a significant increase 
in the uncommonness of the responses 
evoked on the word association test list. 
The latter list was composed of words 
not encountered on the training list. 
Further experimentation is necessary 
in order to determine whether other 
training methods besides evocation of 
different responses to the same stimulus 
words may facilitate the production of 
original responses to new words. Ver- 
bal reinforcement of uncommon associa- 
tions did not produce a significant in- 
crease in originality beyond that of the 
training effect. However, it is possible 
_that a greater number of reinforcements 
and/or a different reinforcement schedule 
would produce a more pronounced effect 
than the one obtained. 

Instructions greatly facilitated the 
uncommonness of free associations on 
the test list for all groups, but the train- 
ing effect appeared to be greater under 
the influence of instructions to be 
original than in the absence of such 
instructions. Results of this kind are 
analogous to the effects of instructions 
in mental set studies, and could be 
interpreted in a similar fashion (4). 

Effects of instructions and originality 
training with word associations on sub- 
sequent performance on the Unusual 
Uses test were ambiguous. Training in 
conjunction with instructions on the 
free association test appeared to inhibit 
the fluency of uses. A similar effect 
appeared in the second scoring of the 
originality of uses. Since these effects 
appeared only as interactions, and the 
cell frequencies were disproportional, 
further research in which instructions 
are manipulated with a variety of test 
materials is necessary before any general 
conclusions can be reached about the 
inhibiting or facilitating effects of 
originality instruction (1). 

Evidence of the facilitating effect 
of training with word associations on the 
originality of uses also is highly ambigu- 
ous, and must be confirmed by further 
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experimentation. If such confirmation 
is forthcoming, it would imply that the 
kinds of mediating and associative 
linkages among verbal responses are 
considerably more complex than those 
generally considered in current inter- 
pretations of the higher mental processes. 
The finding in the first phase of this 
experiment that training on one list 
of words may facilitate the uncommon- 
ness of responses to another list itself 
indicates that nonspecific transfer may 
be more readily produced than has been 
commonly assumed. 


SUMMARY 


Two experimental groups and a control grou p 
were initially presented with a word list and 
free associations were evoked. The control 
group then received a new list of stimulus words 
which served as the test list. The two experi- 
mental groups received five additional presenta- 
tions of the first list with instructions to give a 
different response on each presentation. One 
experimental group received intermittent verbal 
reinforcements for uncommon responses while 
the other did not. Both groups then received 
the test list. Half the Ss within each of the 
three groups received originality instructions 
prior to the test list. 

The two experimental groups did not differ 
significantly in the originality of their associa- 
tions on the test list. They were significantly 
more original than the control group under 
instructions to be original. The verbal rein- 
forcement group was significantly superior to 
the control group under no originality instruc- 
tions, and the difference between the control 
and nonreinforcement groups approached sig- 
nificance. Instructions produced a highly sig- 
nificant increase in originality. 

The Unusual Uses test was administered 
following the free association test. Approxi- 
mately half the Ss receiving this test were given 
originality instructions prior to its administra- 
tion. Free association training and originality 
instructions appeared to produce significant 
interactions in the number of unusual uses and 
originality when the latter was rescored. These 
effects, however, require further confirmation 
before they can be interpreted unambiguously. 
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Guilford and his co-workers (4, 
13) have suggested that the fre- 
quency of uncommon but relevant 
responses may be employed as one 
of several objective measures of 
originality. It has also been sug- 
gested that originality measured in 
this fashion may be related to the 
ability to solve “insight” problems 
(4). The principal purpose of the 
first experiment reported here was 
to determine whether such a relation- 
ship could be obtained. 

According to §-R interpretations 
of problem solving (2, 7, 9) an S 
enters a problem situation with a 
hierarchy, or hierarchies, of responses 
which differ in their tendency to 
occur in that situation. A problem, 
by definition, cannot be solved by 
the dominant responses, the responses 
with the greatest probability of oc- 
currence. Original problem-solving 
behavior therefore occurs through 
the arousal of responses relatively 
low in S’s response hierarchy. 

If this analysis is essentially cor- 
rect, then the problem of increasing 
originality is one of increasing the 
disposition to produce uncommon but 
relevant responses. A number of 
training procedures may be employed 
to evoke uncommon responses and 
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possibly facilitate originality as a 
consequence. One procedure is to 
systematically vary the situation in 
order to induce S to emit progressively 
more uncommon responses. This 
technique has been used by Maltz- 
man, Bogartz, and Breger (8) with 
a word association task. 

A second procedure is to elicit 
directly the uncommon responses by 
stimulus materials presented to S. 
The effects of this latter technique 
were the primary concern of the last 
three experiments reported here. The 
specific hypothesis investigated by 
these experiments is that, if relatively 
uncommon responses are elicited, 
even though they do not enter into 
the solution of a subsequent problem, 
their elicitation would facilitate the 
occurrence of a problem solution. 
Maier’s (6) two-string problem was 
chosen as the problem task in all the 
experiments, because it is a problem 
commonly assumed to involve original 
thinking (3, 6), and it lends itself 
readily to the training technique 
employed for eliciting uncommon 
responses. 


EXPERIMENT I 
Method 


A procedure similar to Guilford’s Unusual 
Uses test (4, 13) was employed in an attempt 
to study the relationship between originality 
and problem solving. Different uses for 
designated objects are suggested by S in this 
test. The frequency with which the different 
uses occur can then be determined, and each 
use offered by S can be weighted accordingly. 
Thurstone’s S-L test of verbal fluency (5, 12) 
was administered and scored in terms of uncom- 
monness of response in an attempt to obtain a 
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relatively unambiguous and efficient measure 
of originality. 

The susceptibility of the uses test to in- 
structions to be original was also investigated 
along with the effects of variations in a reference 
object of the associated uses. These experi- 
mental variations were studied by employing a 
2 X 2 factorial design in which half of the experi- 
mental groups were given originality instructions 
while half were not. Half of the Ss within each 
of these two groups were shown a large screw- 
driver while half were shown a small screwdriver 
as a referent for their associations. 

Subjects —The Ss were 181 students, 114 
women, and 67 men, drawn from introductory 
psychology classes. There were 35 Ss in Group 
I and I-0, 39 in Group II, 38 in Group II-0, and 
17 in Group III and in Group IV. It was 
initially planned to run 40 Ss in each of the four 
main experimental groups, and 20 in each of 
the two control groups. However, the experi- 
ment was terminated after only 181 Ss were 
obtained because continuation of the experi- 
ment would have coincided with discussion 
of problem solving in Ss’ classes which might 
have differentially affected performance in the 
experiment. 

Procedure—The six main groups differed in 
their treatment prior to performing on the two- 
string problem. All Ss initially received the 
S-L test of verbal fluency. Instructions for the 
test were to write in 3 min. as many different 
words as possible that began with the letter “S” 
and ended with the letter “L.” Experimental 
Ss were then given the uses test. A screw- 
driver, a block of balsa wood, and a length of 
string suspended from the ceiling were presented 
individually to each S. The Ss were instructed 
to list on a sheet of paper as many different 
uses as they could think of for each object in 5 
min. The order of presentation of the objects 
to the different Ss was varied according to a 
prearranged random pattern. 

For Group I, a large screwdriver 11.5 in. 
long was presented as their reference for the 
associated uses and as the implement available 
in the two-string problem. A small screwdriver 
7 in. long was employed in its place for Group II. 
Groups I-0 and II-0 received the large and small 
screwdriver, respectively, with additional in- 
structions to be as original as possible in the 
uses suggested for the three stimulus objects. 
Groups III and IV received the two-string 
problem immediately after the S-L test, thus 
serving as controls for any possible effects that 
performance on the uses test might have on 
solution of the two-string problem. Group III 
received the large screwdriver and Group IV 
the small screwdriver. All groups received the 


uses test after completion of the two-string 
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problem. The experimental groups received 
their respective preproblem instructions while 
the two control groups received the same 
instructions as Groups I and II. 

The two-string problem was presented in the 
following fashion. Two strings of equal length 
were suspended from the ceiling reaching to 
45.5 in. from the floor in diagonal corners of the 
room. A distance of approximately 14 ft. 
separated the strings. The appropriate screw- 
driver and the block of balsa wood, approxi- 
mately 1.75 X 1.5 X 1 in., were placed on a 
table along one wall of the room. The Ss were 
instructed that only the objects on the table 
could be employed in the problem. 

Solution of the problem required tying the 
screwdriver to the end of one of the strings, 
swinging it, extending the other string to its 
maximum length, and attempting to catch the 
first string on its upswing. The Ss were allowed 
to work on the problem for 10 min. and the 
measure of problem-solving behavior was the 
amount of time required to solve the problem. 
Solution times were recorded to the nearest 
second by means of a stop watch. The Ss who 
failed to solve the problem within the allotted 
time were given a score of 600. 


Results 


In studying the uses proposed for 
the string and for the balsa wood, it 
was noted that Ss were apparently 
inconsistent in their interpretation 
of the instructions. Some Ss _ re- 
stricted their uses to the specific 
object presented to them. Others 
did not, and proposed uses that would 
require large amounts of balsa wood 
or rope, making it impossible to 
evaluate the originality of the uses 
offered by different Ss for these two 
objects. Since this ambiguity did not 
appear in the uses offered: for the 
screwdrivers, only the results obtained 
with these stimuli were analyzed 
for originality. 

The basis for scoring originality was 
the classification of each use as either 
a member of the class of most com- 
mon functions of the object or a non- 
member of that class. For the screw- 
driver, this procedure classified each 
association as either a tool use or a 
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nontool use. Analysis of the fre- 
quency of occurrence of the tool and 
nontool classes of uses showed a 
marked difference, substantiating 
their designation as common and 
uncommon associations. The mean 
number of tool uses was 8.5 
(SD = 2.8) while the mean number 
of nontool uses was 1.5 (SD = 1.7). 

According to S-R interpretations 
of problem solving, the uses pro- 
duced by each S represent a hierarchy 
of responses differing in excitatory 
potential. Uncommon nontool uses 
which have a relatively weak excita- 
tory potential should therefore occur 
relatively late in the list of uses 
offered by S. This notion is sup- 
ported by an analysis of the fre- 
quency of occurrence of the nontool 
uses in the first and second halves 
of each S’s list of uses. The mean 
number of uses given in the first half 
was 1.4 (SD = .73) while the mean 
number of uses for the second half 
was 1.9 (SD = 1.10). A simple sign 
test of these data yielded a z of 6.2, 
P = OOl. Christensen, Guilford, 
and Wilson (1) have recently re- 
ported comparable results, finding 
that the frequency of uncommon 
responses increases with response 
order in the Unusual Uses test. 

An originality score derived from 
the screwdriver associations was ob- 
tained for each S by scoring 1 if it 
was a tool use and 2 if it was a nontool 
use. These scores were then summed 
and divided by the total number of 
screwdriver uses. For the S-L test, 
the frequency with which each word 
occurred was first determined. It 
was then weighted by its absolute 
frequency and S’s originality score 
was the sum of these frequencies 
divided by his total number of words. 

Since the distribution of solution 
times for the two-string problem 
appeared highly skewed, the recip- 
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rocals of these scores were obtained. 
The distribution of solution speeds, 
however, also appeared skewed. 
Rank-order statistics were therefore 
used in all of the analyses reported. 

Rank-order analyses of variance 
indicated that the experimental treat- 
ments of originality instruction and 
size of screwdriver did not produce 
a significant effect upon problem- 
solving speed or the originality meas- 
ures derived from the uses test. An 
H of 3.29, df = 5, was obtained for 
problem-solving speed, and 4.31, 
df = 3 for originality. 

In agreement with other studies 
involving the two-string problem and 
similar “insight” problems (11), men 
obtained significantly faster solutions 
than women (z = 5.08, P = .001). 
Men obtained significantly higher 
originality scores than women on the 
preproblem uses test (z = 2.52, 
P = .01), but not on the postproblem 
uses test. The U test was employed 
in these evaluations of the data. 

The rank-order correlations, rhos, 
obtained between problem-solving 
speed and measures of originality 
derived from the uses test are shown 
in Table 1. They indicate that a 
slight relationship between these 
measures does hold for the men. A 
rho of .61 (P < .01) was obtained 
between pre- and postproblem origi- 


TABLE 1 


Ranx-Orper Corretations Between Onrici- 
NALITY ScoRES AND PRroBLEM-SOLVING 
Speen in Expr. I 














Preproblem Postproblem 

Originality and Originality and 

Sex Solution Speed Solution Speed 

N Rho N Rho 

Men 55 ae 67 .27* 
Women 92 02 114 08 

















*P = 0S. 
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TABLE 2 


Uses Presentep tn THE Cueck Lists ror Exp. II-IV 








Screwdriver Items | 


String Items 





Exp. II 





paper cutter han 
ice chopper 
paint mixer 
measuring rod 
paperweight 





decorations 
clothesline 

test strength 
demonstrate knots 
measure distances 


fishing float 
dart game 
pin cushion 
paperweight 
child’s toy 





Exp. III 





weight 


table leg instead of paper- | same as Exp. II 
| 
| 


same as Exp. II 








Exp. IV 





table leg instead of paper- 
weight 


unscrew screws 
screw in a bolt 
fix a toaster 

fix a light switch 
fix a car motor 








dog leash instead of hang 
decorations 


tie a box 

tie knots 

tie a package 

tie things together 
in place of shoelace 


table leg prop instead of 
paperweight 


carve a figure 
whittle 

carve a model plane 
carve a doll’s dine 
carve a model boat 








nality scores for women. A rho of 
34 (P=.05), was obtained between 
pre- and postproblem originality 
scores for men. Originality scores 
obtained from the S-L test do not 
correlate significantly with either prob- 
lem-solving speed or uses originality. 


ExpeErRIMEnNT II 


The purpose of this and the sub- 
sequent experiments conducted was 
to study the effects of a training 
method designed to facilitate solution 
of the two-string problem. 


Method 


Subjects —The Ss were 40 college students 
drawn from introductory psychology classes. 
There were 8 women and 13 men in the experi- 
mental group, and 10 women and 9 men in the 
control group. The Ss were alternately assigned 
to the two groups in the order of their appear- 
ance for the experiment. One S was inadvert- 
ently assigned to the experimental group instead 
of the control group. 


Procedure —Both groups first received the 
S-L test as a warm-up task. Control Ss were 
then given the two-string problem. Following 
the S-L test, the experimental Ss were given 
three lists of uses, one for each of the three 
objects subsequently found in the problem 
situation—a screwdriver, a block of balsa wood, 
and a length of string. There were five different 
uses in each of the lists. Each use in a given 
list was paired with every other, giving a total 
of 10 paired items in a list. Arrangement of 
the items in a list was based on the scheme sug- 
gested by Ross (10). The experimental Ss 
were instructed to check which member of each 
pair they would be more likely to use. The 
uses appearing in each of the three lists were 
selected as being relatively uncommon on the 
basis of a preliminary inspection of the data 
collected in Exp. I. The items appearing in the 
lists are presented in Table 2. The order of 
presentation of the lists was varied according 
to a prearranged random order. There was no 
indication to the experimental group that the 
two-string problem was to follow the check lists. 

The two-string problem was presented in the 
same manner as in Exp. I. The small screw- 
driver was employed in this and in the subsequent 
experiments. 
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Results 


Table 3 shows the solution times 
obtained by the experimental and 
control Ss. Since the distributions 
of solution times were highly skewed, 
they were evaluated by the Mann- 
Whitney U test. Experimental men 
obtained significantly faster solution 
times than control men (P = .05), 
and experimental women were sig- 
nificantly faster than control women 
(P = .04). Control men were signif- 
icantly faster than control women 


(P = .02). 


EXPERIMENT III 


This experiment was conducted 
in order to confirm the stability of the 
results from the previous study and 
to investigate additional variables and 
possible uncontrolled factors. 

A new condition was added in order 
to determine whether the difference 
previously obtained between the ex- 


perimental and control groups could 
be due to transfer from the “paper- 
weight” use in the list for the screw- 


driver. Since the solution of the 
two-string problem depends upon 
using the screwdriver as a weight, 
a possible criticism of Exp. II is that 
the problem-solving performance of 
the experimental group was facilitated 
by some form of complex transfer 
from this item. The third group 
therefore differed from the original 
experimental group in that this item 


TABLE 3 


SoLuTion Times ror EXPERIMENTAL AND 
Controt Groups In Exp. II 








Women 





Mean) Mdn. 
72 
585 
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TABLE 4 


So.uTion Times ror THE Four Groups 
in Exp. III 














. SD 
47 | 37 
122 | 161 
122 146 
140 176 


Mean 

















in the screwdriver list of uses was 
replaced by the item “table leg.” 
The second group added in this 
experiment free associated uses to the 
screwdriver, balsa wood, and string. 


Method 


Subjects.—The Ss were 124 students. There 
were 18 men and 13 women in the free associa- 
tion (FA) group, 15 men and 16 women in the 
control (C) group, 19 men and 12 women in the 
original experimental group (X), and 14 men 
and 16 women in the revised experimental (X;) 
group. 

Procedure.—Group C and Group X were 
treated in the same fashion as in Exp. II, and 
constityted a repetition of that study. Group 
X, differed from the first experimental group 
only in the replacement of the item “paper- 
weight” by the item “table leg” in the list of 
uses for the screwdriver. Group FA associated 
uses to the objects available in the experimental 
situation in the same fashion as Group II in 


Exp. I. 


Results 


Solution times for men and for 
women in each of the four conditions 
are shown in Table 4. A rank-order 
analysis of variance of the men in 
the four conditions yielded an H 
of 7.97, df =3, P= .05. U tests 
were made between individual groups 
of men. The only significant differ- 
ence (P = .02) obtained was between 
Group X and Group FA. The com- 
bined experimental groups differed 
from Group C at the .06 level and 
Group FA at the .01 level. 
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A rank-order analysis of variance 
of the women in the four conditions 
yielded an H of 11.66, df = 3, 
P= 01. U tests were made among 
the individual groups of women. 
Group X obtained significantly faster 
solution times than Group C 
(P = .05). Group X, obtained sig- 
nificantly faster solution times than 
Group C (P = .02) and Group FA 
(P = .02). When the two experi- 
mental groups are combined, they 
differ significantly from Group C and 
Group FA at the .01 level. Men 
were significantly faster (P = .01) 
than women in all conditions except 
in Group X. 


EXPERIMENT IV 


Equivocal results were obtained in 
Exp. III with respect to the question 
of transfer from the check list to the 
problem-solving situation. 

A third experiment was therefore 
conducted. The original control and 
experimental conditions of Exp. II 
were again employed. A revised ex- 
perimental group was added in which 
several items were changed in order 
to avoid possible sources of transfer. 

A second control group was added 
to provide a more direct test of the 
hypothesis that different uncommon 
uses were responsible for the facilita- 
tion of problem solving. This group 
received a list of relatively similar 


TABLE 5 


SoLuTion Times For THE Four Groups 
tn Exp. IV 
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common uses for each object. As a 
consequence, this group should not 
differ significantly from the original 
control group, and should be signifi- 
cantly slower than the experimental 
groups in its solution of the two-string 
problem. 


Method 


Subjects —The Ss were 144 students. There 
were 13 men and 23 women in each of the four 
groups employed. They were assigned to the 
different groups in the order of their appearance 
with the added restriction that the proportion 
of men and women be equal in the different 
groups. 

Procedure.—The control group (C) and the 
first experimental group (X) received the same 
treatment as in the previous experiments. The 
second experimental group (X;) differed from 
Group X in terms of the substitution of new 
items in the check list as shown in Table 2. The 
new control group (C;) was given a list of com- 


mon uses for each of the objects as indicated 
in Table 2. 


Results 


Solution times for men and women 
in each of the four conditions are 
shown in Table 5. A _ rank-order 
analysis of variance of the solutions 
times obtained by the men in the 
four conditions yielded an H of 1.08, 
df = 3, which is not significant. A 
rank-order analysis of variance of the 
solution times obtained by the women 
resulted in an H of 8.43, df = 3, 
P = 05. Results of U tests among 
the individual groups of women 
showed that the two experimental 
groups did not differ significantly. 
Group X was significantly faster 
than Group C (P = .02), and ap- 
proached significance in comparison 
with Group C; (P = > .05). Group Xz 
was significantly faster than Group C 
(P = .02) and Group C, (P = .04). 
The combined experimental groups 
were significantly superior to Group C 
(P = .01) and Group C, (P = .04). 
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Men were significantly superior 


(P = .01) to women in each of the 
four conditions of this experiment. 


Discussion 


The last three experiments reported 
upon were designed to test the hypothe- 
sis that if different uncommon responses 
are elicited, the tendency to give other 
uncommon responses will increase and 
problem solving would be facilitated 
as a consequence. Partial confirmation 
of this hypothesis was obtained. Wom- 
en receiving check lists of uncommon 
uses tended to perform significantly 
better than women without this experi- 
ence in these experiments. Absence 
of a significant difference between the 
original and revised experimental groups 
in Exp. III and IV and the significant 
superiority of the revised experimental 
groups over the control groups indicated 
that the facilitation of problem solving 
cannot be attributed in any simple 
fashion to transfer from the check list 
to the problem-solving situation. The 
significantly faster solution times of 
the two experimental groups receiving 
uncommon uses as compared to the 
control group that received common 
uses in Exp. IV suggest in a more direct 
fashion that it is the uncommonness 
of the responses elicited that facilitated 
problem-solving performance. 

Although results for the men in the 
three experiments were in the same 
direction as the women, they were not 
statistically significant in most cases. 
The original experimental group was 
significantly superior to the control 
group only in Exp. II and approached 
significance in Exp. III. The revised 
experimental groups were not signifi- 
cantly superior to the control groups in 
either Exp. III or IV. One possible 
interpretation of the inconsistency in 
results between men and women is that 
the problem was too easy for the men. 
It did not offer sufficient ceiling for 
them to improve as function of the 
experimental variables. This is indi- 
cated in part by their significantly 
faster solution times in 8 of the 10 
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conditions employed in the last three 
experiments, and a median solution 
time of approximately 60 sec. for the 
three experiments. 

The initial hypothesis that the elicita- 
tion of uncommon responses will facili- 
tate subsequent problem-solving per- 
formance involves several assumptions 
for which there is only fragmentary 
evidence at the present time. One such 
assumption is that the tendency to 
emit uncommon responses is signifi- 
cantly related to facility in solving 
problems. Experiment I was designed 
to provide evidence on this point. The 
results of this study suggest that there 
is a relationship between the uncommon- 
ness of response measure of originality 
of uses and performance on the two- 
string problem. This conclusion, how- 
ever, is only provisional because of the 
sex differences encountered. 


SUMMARY 


Four experiments were conducted employing 
the two-string problem. Experiment I was 
designed to determine whether originality as 
measured in terms of uncommonness of response 
is related to the speed of solution on the two- 
string problem. Significant but low correlations 
between these measures were obtained for men 
but not for women. 

Experiments II-IV were designed to deter- 
mine whether presenting Ss with lists of uncom- 
mon uses for objects would facilitate their sub- 
sequent solution of the two-string problem in 
which these objects may be used. Training of 
this sort tended to facilitate the problem-solving 
performance of women in the absence of any 
obvious specific transfer effects. The direction 
of the effect was the same among the men, but 
was not statistically significant in the majority 
of the conditions. 
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HUMAN DELAYED-REWARD LEARNING WITH 
DIFFERENT LENGTHS OF TASK !? 
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There is a common belief that 
reinforcement and feedback in human 
learning, just as in rodent learning, 
must be undelayed and specific if 
optimal proficiency is to be achieved. 
Lorge and Thorndike (8) reported, 
however, that immediate, quantita- 
tive knowledge of results produced 
no better skill in tossing a ball at an 
unseen target than did lags in feed- 
back up to 6 sec. That experiment, 
which is contrary to the familiar 
generalization found in most text- 
books, is rarely cited in discussions 
of delayed-reward learning. To ex- 


tend their work, Lorge and Thorndike 
suggested using “more available and 
definable responses, such as tapping 


keys, saying words or numbers, etc.” 
(8, p. 193). 

Several papers appearing between 
1935 and 1951 have been reviewed by 
Ammons (1). Because of methodo- 
logical variations, the evidence is 
largely inconclusive, but null results 


1 This report is based on work done under 
ARDC Project No. 7707, Task No. 77133, in 
support of the research and development pro- 
gram of the Air Force Personnel and Training 
Research Center, Lackland Air Force Base, 
Texas. Permission is granted for reproduction, 
translation, publication, use, and disposal 
in whole and in part by or for the United States 
Government. 

2?The data were collected in 1953 by J. P. 
Christopher, J. B. Downs, and J. H. Harrell 
under the supervision of R. B. Card. Statistical 
analyses were performed by R. L. Frye, Jr., 
Patricia A. Ray, J. L. Regan, and A. Taylor 
with the support of the L.S.U. Council on 
Research. A portion of the paper was read 
before the Southeastern Psychological Associa- 
tion, March 1957. For helpful comments we 
are grateful to R. B. Ammons, E. A. and I. McD. 
Bilodeau, F. M. du Mas, and D. W. Norton. 


AND 
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Louisiana State University 


predominate among’ experiments 
which do not fill the delay interval 
with other activity. A study by 
Saltzman (16) attempted to investi- 
gate delayed information in verbal 
learning, but the presence of con- 
founding factors in the procedure 
makes it difficult to interpret. Un- 
fortunately, the same appears to be 
true of recent experiments on line 
drawing (5, 17). With only one 
exception (2), researchers have been 
unable to keep trial spacing, work 
decrement, or forgetting from com- 
plicating their results. 

Regardless of one’s evaluation of 
the available data on human Ss, 
however, it is logical to expect that 
between zero delay (immediate knowl- 
edge or reward) and infinite delay 
(no knowledge or reward) temporal 
gradients of some kind must exist 
which are contingent upon discover- 
able experimental conditions. Re- 
cently Bourne (4) found increasing 
errors up to 8 sec. in a multiple-choice 
concept-identification task where the 
time interval preceding correct infor- 
mation began after a complex stimu- 
lus pattern was removed. Neither 
a contiguity nor a_ reinforcement 
theory would have difficulty explain- 
ing the decremental influence of this 
type of delayed feedback. 

Less ambiguous than the human 
research are animal studies employing 
delayed reward in instrumental con- 
ditioning devices similar to the Skin- 
ner box. As interpreted by Spence 
(18), the current evidence indicates 
that reinforcement effects in rats are 
undiminished over temporal lags of 
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several seconds, unless receptor and 
postural orientation to the relevant 
cues is disrupted. The data show, 
in fact, that S’s ability to maintain a 
favorable “set” is partly dependent 
upon the nature of the task. With 
human Ss, the importance of task 
factors shows up in the differential 
feedback effects in discrete responding 
and in continuous tracking, as Bilo- 
deau (3) has nicely demonstrated. 
Whether reward or information is 
withheld seems to be of less conse- 
quence than what S does during the 
time interval between response and 
aftereffect. 

Among the task factors which may 
be relevant to serial multiple-choice 
learning by delayed reward in man 
are the number of available responses 
(Np) and the number of choice points 
(Np) in the problem (9, 10, 11, 12); 
i.e., task complexity. By covarying 
these factors as in a prior experiment 
(12) in this series, one might first 


determine the relationship between 
task length (Np) and time of delay 


(Tg). If Tg should interact with Np, 
then further analysis of the role of 
Nr holding Np constant would be 
indicated. Should Np and Tg be 
independent, on the other hand, 
investigation of Neg would be un- 
necessary since Ng = Np for each 
task. The former type of investiga- 
tion, therefore, should have priority 
over the latter. Our basic question 
is whether increasing the complexity 
of the task will produce impaired 
performance over relatively short, 
unfilled delays of reward. Longer 
delays, unfortunately, require con- 
founding alterations in the distribu- 
tion of practice if the reward is to 
occur contiguously with the relevant 
stimulus. 

The present experiment will study 
4-link vs. 10-link compound trial-and- 
error learning under six delays of 
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serial reinforcement from 0 to 3 sec. 
Of major interest will be (a) the in- 
fluence of amount of practice (N) on 
each task, (b) the main effects of Tg 
in the two situations, (c) whether 7g 
interacts with N or Np, and (d) the 
acquisition curves of the two tasks 


expressed in terms of response 
probability (R,). 


METHOD 


Apparatus.—The learning device, described 
in detail elsewhere (10, 14), is a semiautomatic 
19-key push-button apparatus called the Selec- 
tive Mathometer. Pacing stimuli are presented 
serially by an electronically controlled slide 
projector, to which S responds by selecting keys 
on a semicircular panel. The stimuli consisted 
of distinctive electrical circuit symbols (11), 4 of 
which were used in the shorter problem and 10 
in the longer one. Stimulus presentation fol- 
lowed an invariant sequence for any given sub- 
group of four Ss, but the stimuli appeared in 
12 random permutations for each experimental 
(Tg) group as a whole (nm = 48). 

The S’s problem was to discover the correct 
sequence of reactions corresponding to the 4 or 
10 choice points in the two tasks. Like the 
stimulus series, there were 12 different response 
permutations for each Tg group, four Ss having 
a given permutation. The same keys were 
exposed as in corresponding conditions of the 
experiment on the Np factor (11). Considering 
S’s keyboard as being numbered from left to 
right, the following keys were unmasked in the 
two problems: 


Np Available Keys 
4 4, 8, 12, 16 
10 2, 4, 6, 8, 9, 11, 12, 14, 16, 18 


Secondary reward (G) is provided by a 3-w 
green lamp mounted on the reaction panel just 
below the projection screen. This feedback 
or reinforcing event, which is independently 
variable in delay and duration, occurs auto- 
matically following each‘correct reaction (R+). 
Since the noncorrection procedure was employed, 
trial scores consisted simply of counter records 
and the polygraph was disconnected. 

Procedure-—The experimental plan involved 
two mixed factorial designs (7, Type I), in which 
each S’s problem was to practice an invariant 
sequence of either 4 or 10 S-R connections by 
serial reinforcement for 20 trials under one of 
the following delays of reward: .00, .25, .50, 
1.00, 2.00, or 3.00 sec. 
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In keeping with the distinction between 
ordinary delayed-reward learning (18) and the 
interpolated-response feedback method (3, 8), 
in which scores are reported one or more trials 
in arrears, the noncorrection procedure was used 
as in a recent study of the locus-of-reward 
factor (15). Thus S was required to make one 
and only one response at each choice point, 
and the locus of reward was serial. Following 
our conventional procedure (9, 10, 11, 12, 15), 
S was instructed to use the forefinger of his 
preferred hand, to respond as quickly as possible 
at each choice point, to return to the fixation 
plate after each choice, and to refrain from 
responding when the screen was dark. This 
entails what Bilodeau and Bilodeau (2) have 
called “hand-resting” rather than “hand- 
maintaining” activity. 

To ensure adequate time for signaling a 
correct response to S at the longer delays, the 
typical 2-sec. stimulus duration was increased 
to 4 sec. for this experiment. Generally all 
groups received G for an R+ before the dark 
period began, but of necessity the time between 
reward onset and stimulus offset tended to vary 
inversely with 7g. Reward duration was .75 
sec. and the interstimulus period was 1.44 sec. 
as usual, but the intertrial interval lasted for 
10.88 sec. rather than 6.88 sec. This resulted 
in more distributed practice than formerly 
(e.g., 11), but had the advantage of maintaining 
a constant distribution of stimuli and trials 
for all Ss under the present conditions (cf. 10, 
p. 391). 

The Ss were 576 male and female recruits at 
Lackland Air Force Base. They were divided 
without bias into six groups of 48 Ss within each 
of the two tasks, and the 12 S-R permutations 


TABLE 1 


ANALysis oF VARIANCE oF Correct RESPONSES 
(R+) ror Six Detay-or-Rewarp 
Groups tn 4Linx Prose 
Durinc Triats 1-10 








Source df 





Between Ss 287 
Delay of reward 5 
Ta) 
Error (5) 282 | 
2592 | 


Within Ss | 
Trials (V) 209.16 | 282.30** 
Interaction | 45 48 65 

(N X Te) 
Error (w) | 2538 74 


Total 2879 





5.94 
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TABLE 2 


Mean Percentace Correct Responses 
(R%) Durinc Triars 1-10 








Number of 
Choice 
Points 

(Np) 


Delay of Reward (Ta) in Seconds 





| 0 1/4 | 1/2 1 | 2 | 3 
4 — | 69.90 69.74) 71.30) 72.86| 71.35] 64.69 
10 | 25.67; 25.60 27.33) 28.50) 23.77| 22.77 





were randomly assigned to each Tg group 
independently. The two problems were run 
concurrently. All Ss were tested in subgroups 
of four on a multiple-unit version of the Selective 
Mathometer described earlier (11). Following 
the experiment, each S was isolated from the 
remaining Ss to prevent collusion. 


RESULTS 


The 4-link problem.—To evaluate 
the amount-of-practice (N) and de- 
lay-of-reward (7) factors in the 4/4 
situation,a 10 X 6 analysis of variance 
was performed upon the R+ scores 
of the six delay groups during Trials 
1-10 (nm = 48). Due to the fact that 
Ss reached a performance level over 
90% of mastery by Trial 10, the 
possibility exists that heterogeneity 
of form and variance might invalidate 
the F test beyond that point (7, 12, 
15). The analysis, therefore, was 
carried out upon the first half of 
practice only. As shown in Table 1, 
the main effect of N is significant, but 
neither the 7g factor nor the N X Tg 
interaction reaches the 5% level. 
The upper half of Table 2 records the 
mean percentage of correct choices 
obtained during this period by each 
group. There is no evidence of any 
trend due to 7¢. 

The 10-link problem.—To evaluate 
the N and Tg factors in the 10/10 
situation, the same type of analysis 
of variance was performed as above. 
In order to distribute the performance 
scores Over a similar range and to use 
the same degrees of freedom, the 
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TABLE 3 


ANALYsiIs OF VARIANCE oF Correct RESPONSES 
(R+) ror Srx Detay-or-REwarD 
Groups tn 10-Linx Prosiem 
Durinc Triats 11-20 








Source MS 





Between Ss 
7 of reward 


G 
Error (d) 

Within Ss 
Trials (NV) 
Interaction 


189.52*** 
1.39** 














analysis was restricted to the second 
half of practice in this case. Refer- 
ring to the summary presented in 
Table 3, the main effect of N is again 
significant and there is a significant 
N X Tq interaction, but the Te 
factor itself fails to produce an over- 
all decrement at the 5% level. The 
probability that the obtained differ- 
ences are due to chance is about .15. 

A significant Practice X Delay in- 
teraction means that the various 7¢ 
groups do not differ to the same extent 
on every trial, suggesting the possi- 
bility of systematic though minor 
decreases in rate of change with 
increasing delay in the 10-link prob- 
lem. Inspection of the lower half 
of Table 2, however, does not support 
this hypothesis. The rank-difference 
correlation between the 7g values 
and the R% scores is only .49, which 
for df = 4 is not significantly greater 
than zero. It may be noted that 
the rank order of 7g groups in the 
10/10 situation is exactly the same 
during Trials 11-20 as during Trials 
1-10. 

Acquisition curves—In view of the 
absence of significant differences in 
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the 4link problem, the trial scores of 
the six delay groups were pooled to 
give a general curve based on 288 Ss. 
The same was done for the 10-link 
problem, despite the observed inter- 
action, then the acquisition curves 
for the two problems (Np) were 
plotted as the probability of a correct 
response (R,) over successive trials 
(N). 

In agreement with experiments on 
response availability (9, 12), task 
length (11), and locus of reward (15), 
all curves were asymmetrical and 
sigmoidal, conforming to the rational 
function proposed by Noble (10): 


(1) 


where a=asymptote of 1.00, 
i = reciprocal of number of choice 
points (1/Np), r = rate parameter 
dependent on Np, and N = number 
of trials by the  noncorrection 
procedure. 

By minimizing the sums of squares 
of the residuals to determine the 
parameter r, the best-fitting equations 
are as follows: 


R, = a(i)™ 


Np =4, Tg = 0-3 sec.: 

R, = 1.00 (.250)-747" [2] 
Np = 10, Tg = 0-3 sec.: 

R, = 1.00 (.100)-*” (3) 
The percentages of variance accounted 
for are 99.3% and 99.8% for Equa- 
tions 2 and 3, the inflection points 
occurring at 1.12 and 9.50 trials, 
respectively. These computational 
procedures have been fully described 
elsewhere (11). It is important to 
observe that both curves rise faster 
(have smaller r parameters) than 
their counterparts in the earlier ex- 
periment (11) on Np. This difference 
is probably due to the use of more 
distributed practice and the non- 
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correction procedure in the present 
study.* 


Discussion 


Delaying serial reward up to 3 sec. has 
no significant effect upon human trial- 
and-error learning, regardless of length 
of task or amount of practice. Our 
negative findings thus agree with those 
of Lorge and Thorndike (8). As they 
pointed out, ““. . . it is almost impossible 
to prevent human subjects from keeping 
a connection ...in mind until the 
after-effect occurs or from recalling it 
to mind when the after-effect occurs 
and then repeating some equivalent 
of the after-effect. The real relation 
would then be immediate, regardless of 
how long an ostensible delay we used” 
(8, pp. 193-194). 

From the quotation above, it is evident 
that the Thorndikean position on de- 
layed-reward learning is very close to 
that of other S-R_ behavior theorists 
such as Hull (6) and Spence (18). 


Without some kind of competing inter- 


polated responses, the occurrence of 
“sheer empty delay” (8, p. 186) does 
not necessarily lead to impaired per- 
formance. The hypothetical process 
generally thought to mediate this time- 
bridging ability of the organism is 
secondary reinforcement. Thus, Hull 
(6) suggested that temporal lags in 
reward following a critical response can 
maintain habit strength (H) through 
exteroceptive and proprioceptive stimuli 
having acquired reward value from 
association with primary goal events. 
Originally Hull had proposed a brief 
negatively accelerated delay function 
of the order of 30 sec. (gradient of 
reinforcement) operating in conjunction 
with secondary reinforcement to gener- 
ate more permanent effects (goal gradi- 
ent). As investigators gained further 
control over reward factors, Spence 
(18, p. 150) later argued that all em- 
pirical gradients may result from the 
stimulus generalization of immediate 


3 Theoretical and experimental support for 
the latter half of this statement has been pre- 
sented elsewhere (13). 
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secondary reinforcement. More re- 
cently, however, Spence (18, p. 151) 
has forsaken habit-strength interpreta- 
tions in favor of simple experimental 
extinction, thereby adopting a Guthrian 
type of counterconditioning hypothesis. 

But these assumptions were developed 
to account for the behavior of animals 
working for primary rewards. It re- 
mains to be seen whether, in human 
learning by secondary reinforcement, 
decremental effects of delay of reward 
can be subsumed under the principle 
of experimental extinction. Until studies 
of multiple-choice learning are performed 
which employ a greater range of Tg 
values with and without disrupting 
interpolated activity, this question can- 
not be answered. The writers doubt 
that any published human data contain 
unequivocal evidence of impairment 
within this range due to “sheer empty 
delay” (8). A similar point has been 
made cogently with reference to the 
acquisition of discrete positioning acts 
in a recent paper by Bilodeau and 
Bilodeau (2). Five experiments (vary- 
ing delay of feedback, time between 
feedback and the next response, and the 
intertrial interval up to 7 days) failed to 
show any effects other than those due 
to distribution of practice. The only 
relevant data not in agreement with 
this conclusion are those of Bourne (4) 
but, as he pointed out, a (perceptual) 
forgetting hypothesis is as tenable as 
a (motor) reinforcement-generalization 
hypothesis. 


SUMMARY 


This experiment compared 4-link and 10- 
link human trial-and-error learning under six 
delays of serial reinforcement from 0 to 3 sec. 
The Ss (m = 48 for each of 12 conditions) 
practiced on a random sequence of either 4 or 10 
choice points (Np) for 20 trials by the noncorrec- 
tion procedure. Delay intervals were free of 
interpolated activity. 

The shorter task produced very rapid acquisi- 
tion, but there were no significant differences 
due either to delay of reward (7g) or to inter- 
action with amount of practice (N). The 
longer task resulted in much slower acquisition 
and there was a significant N X Tg interaction 
late in practice, but the effect of Tg itself only 
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reached the 15% level. Response probability 
curves confirmed previous data on the influence 
of task length and its interaction with amount 
of practice. 

It was concluded that temporal lags in serial 
reward up to 3 sec. haye no significant effect 
per se upon human trial-and-error learning, 
regardless of task complexity. Implications 
of the results for current explanations of delayed- 
reward and delayed-feedback phenomena were 
discussed. 
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CONCEPT IDENTIFICATION AS A FUNCTION OF 
COMPLETENESS AND PROBABILITY OF 
INFORMATION FEEDBACK !? 


LYLE E. BOURNE, JR., anv R. BRIAN PENDLETON 


University of Utah 


This paper reports two studies 
aimed at examining performance in 
a concept identification situation 
when the learner is provided with 
(a) complete vs. incomplete feedback, 
and (b) several degrees of intermittent 
information feedback. These experi- 
ments represent two in a program, 
the ultimate aim of which is to 
elucidate those circumstances wherein 
a learner makes maximal use of the 
information provided in a problematic 
situation. 

The first investigation in this series 
(2) demonstrated a strict dependence 
of concept identification performance 
on delay of information feedback. 


The number of errors made by S 
in solving this type of problem in- 
creased at a positively accelerated 


rate with delay. It is plausible to 
expect performance to depend in a 
similar fashion on completeness and 
probability of feedback. There is 
little evidence upon which to base a 
prediction concerning the effects of 
completeness of feedback except by 
comparison of two independent stud- 
ies wherein S was allowed either to 
respond to a stimulus until correct 
(1) or to respond once, being sub- 
sequently informed as to the cor- 
rectness of the response (2). On the 
other hand, there have been recently 


1 This research was supported in part by a 
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of Utah, and in part by a research grant 
(M-1759) from the National Institute of Mental 
Health, U. S. Public Health Service. 

2The authors wish to thank Clinton M. 
Walker and David L. Brown for their help in 
collecting the data reported. 


many attempts to determine the 
effects of partial reinforcement on 
performance (4, 5, 6, 7, 8, 9, 10). 
Clearly, there are differences between 
the reinforcement used in these studies 
and the type of information feedback 
employed in the present experiments. 
However, the results suggest that 
intermittent feedback maintains a 
strong influence over behavior in a 
multiple-choice situation. 


Restle (11, 12) has proposed a mathematical 
theory of discrimination learning in which the 
stimulus situation is described as a set of ele- 
ments or cues that might be either relevant or 
irrelevant to a particular response. By assum- 
ing (a) that relevant cues are conditioned to a 
response, (5) that irrelevant cues are adapted or 
rendered nonfunctional during learning, and (c) 
that the probability of a response is proportional 
to the cues adapted to it, some success in predict- 
ing the results of two-choice discrimination learn- 
ing problems was obtained. In addition, by 
assuming that the degree to which a cue is dif- 
ferentially reinforced determines its “validity,” 
the model offered a descriptive account of how 
learning rate may depend upon reinforcement 
probability. Restle’s equation (12, Equation 
8), for validity as a function of the proportion 
of reinforcements, has yielded strikingly ac- 
curate predictions for a two-choice situation 
where one or the other response is reinforced on 
every trial. 


If reinforcement probability may 
be interpreted as the proportion of 
trials on which information feedback 
is presented, certain quantitative pre- 
dictions concerning the role of this 
variable in a four-choice problem 
can be made. Walker (13) has 
generalized and modified Restle’s 
framework to make it applicable to a 
concept identification situation. He 
assumed that the number of relevant 
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and irrelevant cues in a discrimina- 
tion problem is a function of the 
amount of relevant and irrelevant 
information in the stimulus patterns. 
Then, using Restle’s equation (11, 
Equation 8) for approximate number 
of errors, he found a close relationship 
between predicted and obtained con- 
cept identification performance. This 
type of analysis, with a further 
modification of the validity formula 
so that cue validity is 1 for 100% 
feedback and O for 0% feedback, 
will be used to compare predicted 
and obtained errors in the data to be 
reported. 


GENERAL METHOD 


Task.—As in the earlier concept identification 
studies (1, 2, 3), S was presented with a series 
of geometric patterns each of which was a 
combination of the levels of x relevant and y 
irrelevant stimulus dimensions. To each pat- 
tern, S responds by pressing one of four keys to 
identify the category to which the pattern 
belongs. The four keys correspond to the four 
possible combinations of the two two-level 
dimensions which were relevant to problem 
solution. A dimension is relevant to solution 
if it is necessarily used in the correct identifica- 
tion of the patterns. If a dimension is irrele- 
vant, it appears at each of its two levels within 
the stimulus patterns but cannot be consistently 
used to correctly classify the patterns. For a 
more complete discussion of the task, see Bourne 
(2). 

The criterion of problem solution was 16 
consecutively correct identifications. An analy- 
sis of data from earlier studies for which the 
criterion was 32 correct responses indicated that 
less than 1% of Ss reaching 16 correct failed to 
continue without error to 32, All tasks were 
self-paced in that S was allowed as much time 
as needed to respond to any pattern. 

Apparatus—The stimulus patterns were 
presented visually to S with a Dunning Animatic 
filmstrip projector. The S sat at a distance of 
2 ft. from the projection screen with the response 
keyboard before him. The keys on S’s board 
activated lights on a control panel located 
behind a partition and out of S’s view. Thus, 
E could record each response and in turn pro- 
vide feedback to S as to the correctness of each 
response. For all problems, the over-all time 
interval between S’s response and the appearance 
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of the next pattern was 5 sec. During that 
interval, the screen upon which the pattern had 
been presented was blank. Immediately upon 
S’s response to any pattern, E provided informa- 
tion feedback (if it was scheduled) by means 
of a panel of lights mounted on the response 
unit. The duration of feedback was always 2 


Stimulus lists—Nine filmstrip series were 
prepared to present problems at three degrees 
of task complexity. Three different problems, 
defined in terms of the two dimensions relevant 
to solution, were used: (a) orientation (upright 
or tilted figures) and form (square or triangle), 
(b) vertical position (figures at the top or bottom 
of screen) and size (large or small figures), and 
(c) color (red or green figures) and number 
(one or two figures on the screen in the same 
pattern). Task complexity was graduated in 
terms of the number of dimensions employed 
which were irrelevant to solution. The degrees 
of complexity selected were 1, 3, and 5 irrelevant 
dimensions. When a dimension was neither 
relevant nor irrelevant, it appeared at only one 
of its levels within the patterns. 

Since each pattern could take on one of the 
two levels of any relevant or irrelevant dimen- 
sion, the amount of information in the stimuli, 
assuming the two levels of a dimension to be 
completely discriminable, could be quantified in 
bits of information by evaluating log: of the 
number of equally probable alternative stimuli 
in the problem being presented. Thus, in these 
problems, there were 2 bits of relevant informa- 
tion and either 1, 3, or 5 bits of irrelevant 
information. 


EXPERIMENT | 


The purpose of the first study was 
to investigate the effect of variation 
in feedback completeness upon the 
acquisition of concepts. 


Procedure 


Subjects —Fifty-four students in elementary 
psychology courses were each assigned randomly 
to solve one of the problems in one of six treat- 
ment combinations. Each S$ was presented at 
the outset with detailed instructions as to the 
nature of his task, the operation of the controls, 
the meaning of the information lights, and the 
criterion of problem solution. 

Design—A 3 X 3 X 2 factorial design was 
used with three levels of task complexity (ir- 
relevant information), three different problems 
(dimensions relevant to solution), and two 
degrees of feedback completeness. Feedback 
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was effected by one of two interchangeable 
light panels placed directly above and about 4 
in. from the four keys on the response unit. 
One panel, consisting of two jeweled lamps, 
provided simple right-wrong feedback subse- 
quent to S’s response. This procedure was 
identified as incomplete. The second panel, 
consisting of four jeweled lamps, one directly 
above each of the four response keys, provided 
a greater degree of feedback; the light above the 
correct key for any given pattern was lighted 
subsequent to S’s response to that pattern. 
This procedure was identified as complete. 


Results 


Two response measures were used: 
trials to solution and number of 
errors. Due to the high correlation 
between these measures (r = .901) 
and since the instructions to S stressed 
accuracy in problem solving, number 
of errors was considered the main 
dependent variable. Figure 1 pre- 
sents graphically the mean number 
of errors made by the complete feed- 
back and the incomplete feedback 
groups as a function of amount of 
irrelevant information within the pat- 
terns. An analysis of variance on 
these data is summarized in Table 1. 
A Bartlett’s test for homogeneity 
of variance on the residual error term 
indicated no significant heterogeneity 


(x? = 18.91, 17 df, P > .30). The 





Incomplete 
Feedback 











i 3 5 
IRRELEVANT INFORMATION BITS 


Fic. 1. Mean number of errors for the 
complete feedback and the incomplete feedback 
groups as a function of the amount of irrelevant 
information. Each plotted point represents the 
data from nine Ss. 


TABLE 1 


ANALysi1s OF VARIANCE OF NUMBER 
or Errors, Exp. I 





Source of Variance | df 





Completeness of feed- 1 
back (C) 
Irrelevant information (I) 
Linear 
Quadratic 
Problems (P) 
Cx! 


| 48 
| Residual MS 
Residual | 


Total 


oP < 2. 
=P < 01. 


1487.98 


main effects of completeness of in- 
formation feedback, amount of ir- 
relevant information, and problems 
were statistically significant. The 
significance of the irrelevant informa- 
tion source of variance is consistent 
with all earlier results (1, 2, 3) and 
indicates that the number of errors 
made in solving this type of problem 
is an increasing function of task 
complexity. Figure 1 indicates that 
this increase is a nearly straight line 
function of information in bits. In 
an orthogonal polynomial analysis 
applied to the function, only the 
linear term reached the .01 level of 
significance. The near constancy of 
the difference between the complete 
feedback and the incomplete feedback 
Ss over the range of task complexity 
used, as shown in Fig. 1, was sup- 
ported by the nonsignificance of 
the completeness of feedback by 
irrelevant information interaction 
term of the analysis. 

Consistent with earlier results (2), 
the variance identified with problems 
was Statistically significant. The 
greatest number of errors was asso- 
ciated with Problem } which con- 
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tained a relevant “positional” dimen- 
sion, i.e., a dimension referring to 
the position of the figure on the screen 
rather than to} the character of the 
figure itself. 

With trials-to-solution as the per- 
performance measure, _ essentially 
identical results were found; the 
analysis of variance showed the same 
sources of variance to be significant. 


Walker’s modification (13) of the 
Restle model (11) was made with the 
assumption of complete feedback to S 
and is not necessarily adequate to 
account for the data of the incomplete 
feedback group. The equation appli- 
cable for predicting approximate number 
of errors made is of the form 


e=i{i+4 Gaal] (1 


where @ is the ratio of relevant to total 
stimulus information in the problem 
and & is a proportionality constant. 
For the three levels of complexity used 
in the experiment, 6 is 2/3, 2/5, and 2/7, 
respectively. The mean number of 
errors made by Ss in the complete feed- 
back group for the three levels of task 
complexity were 23.00, 42.89, and 73.78. 
The predicted errors, from Equation 1, 
for these three conditions are 1.05k, 
1.98k, and 3.11%. For convenience of 
comparison the predictions are reduced 
to the following scalar-vector product: 
1.05& (1 1.89 2.96). The obtained errors 
represented in the same form are: 23.00 








MEAN NUMBER OF ERRORS 
a 
\ 
4 \\ 
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Fic. 2.% Mean number of errors as a joint 
function of the amount of irrelevant information 
and the probability of feedback. Each plotted 
point represents the data from nine Ss. 
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(1 1.86 3.21). Solving for & as the ratio 
of the scalar multipliers, one gets 21.82. 
The correspondence between the pre- 
dicted and the obtained vectors, though 
not perfect, is promising. As was ex- 
pected, the correspondence between this 
prediction and the errors observed for 
the incomplete feedback group was less 
exact. 


ExperIMEnT II 


Experiment II was designed to 
assess concept identification per- 
formance as determined by vari- 
ous probabilities of complete 
information feedback. 


Procedure 


Subjects —The Ss were 108 students, as- 
signed randomly and individually to one of 12 
main treatment combinations. None had served 
in Exp. I. The general instructions were es- 
sentially the same as those used in Exp. I. In 
addition, all Ss were told that, on some trials, 
feedback might not be presented. The Ss were 
to interpret this event as meaningless insofar 
as the correctness of the response was con- 
cerned and to proceed on to the next pattern. 

Design—A 3 X 3 X 4 factorial design was 
employed with three levels of task complexity, 
three different problems, and four schedules of 
feedback probability, 100%, 90%, 80%, and 
70%. The schedule of feedback for any given 
probability level was the same for all Ss serving 
in that condition and was determined a priori 
by reference to a table of random numbers so 
that, within every 128 patterns, 100%, 90%, 
80%, or 70% of S’s responses were reinforced 
(or corrected) by E. 


Results 


Trials to solution and number of 
errors were recorded and, for reasons 
similar to those of Exp. I, error score 
was considered the main dependent 
variable. Figure 2 represents mean 
number of errors as a joint function 
of task complexity and probability 
of feedback. The analysis of vari- 
ance performed on these data is 
summarized in Table 2. A Bartlett’s 
test indicated no significant hetero- 








geneity of variance in the residual 
term of the analysis (x? = 34.78, 
35 df, P > .20). The main effects 
of amount of irrelevant information 
and of feedback probability were 
significant (P = .01). The signifi- 
cance of the irrelevant information 
source is consistent with the results 
of the first study, and again only the 
linear term of an orthogonal polyno- 
mial analysis of this function reached 
a significance level greater than .O1. 
In addition, the mean number of 
errors increased as probability of 
feedback decreased. An orthogonal 
polynomial analysis applied to this 
function suggests that it, too, is 
linear. 

Inconsistent with the results of 
Exp. I is the failure of the Problems 
term to reach significance. However, 
as in the earlier results, Problem 3, 
the problem with a relevant “‘posi- 
tional” dimension, was the most 


difficult. 


A theoretical analysis of the errors 
made, following Walker (13), neces- 
sitated the introduction of the notion 
of cue validity. Recall 6, the ratio of 
relevant to total information. Restle 
(12) suggested that @ might act in a 
multiplicative fashion with cue validity, 
V, so that the equation predicting the 
number of errors, Equation 1, would 
involve a term @, in place of 6, which is 
equal to @6¥V. Restle presented an 
expression for V in a two-choice situa- 
tion wherein V = 1 when reinforcement 
of a response is either 0 or 100% and 
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TABLE 2 


ANALYsIS OF VARIANCE OF NUMBER 
or Errors, Exp. II 

















Source of Variance | df | F 

Feedback probability (F) 3 5.87* 

Linear 1 17.47* 

Quadratic lan. 14 

Cubic 1 01 
Irrelevant information (I) 2 31.64* 

Linear we 63.27* 

Quadratic 1 01 
Problems (P) i | 66 
Fx I 6 58 
FXxXP 6 78 
IxP | 4 .22 
FXIXxP 12 66 

Residual MS 

Residual 72 1073.06 
Total 107 

*P< Ol 


V = 0 when reinforcement is 50% for 
either response. For the four-choice 
concept identification situation, the func- 
tion was modified such that V = 1 for 
100% feedback and 0 for 0%. The 
equation used in analyzing the present 
data was of the form 


V = 5Se* + Se [2] 
where w is the proportion of trials ac- 
companied by feedback. 

Table 3 shows the result of a 
theoretical analysis of the error data, 
including cue validity, theoretical and 
observed error vectors, and the propor- 
tionality constant. The degree of cor- 
respondence between observed and ex- 
pected vectors for the various experi- 
mental conditions was extremely close, 
the greatest discrepancies appearing in 


TABLE 3 


Tueoreticat ANnALysis or Errors 








Theoretical Vector k 





Group | ris Observed Vector* 

100% /|1 | 22.56 (1 1.89 2.96) 1.054% (1 1.89 2.96) | 21.40 

90% | .85 26.78 (1 1.94 2.98) 1.272k (1 1.92 3.00) | 21.05 
| .720 31.00 (1 2.19 3.15) 1.578k (1 1.95 3.07) 19.65 

70% | 595 | 39.23 (1 1.96 3.08) 2.008% (1 1.97 3.11) 19.54 





* To obtain the actual mean number of errors made by Ss in the 1-, 3-, and 5-bit irrelevant conditions at each 
level of feedback probability, multiply the scalar by each of the three entries in the vector. 





418 


TABLE 4 


Dirrerence 1n Mean NumBeER oF TRIALS ON 
Wuicu Feepsack Was Presentep 
Between tue 100% Conpition 
anv At OTHERS 


(16 criterion trials excluded) 


























Feedback Probability 
Task Mean 
Complexity l Diff. 
90%- | 80% | 70%— 
100% | 100% | 100% 
1 bit —14 | -38 | -19 | —24 
3 bits 3.3 | —3.8 20.6 6.7 
5 bits 6.3 23.2 31.4 20.3 
Mean 27 | $32 | 16.7 
| 
the 80% feedback condition. Note also 


that k& was roughly the same for all 
conditions and compared well with & 
estimated from the data of Exp. I. 
There was, however, some tendency for 
a systematic decrease in k with the 
reduction in feedback. 

A final analysis made on the data 
was suggested by the possibility that 
the actual number of reinforced (feed- 
back) trials might be the same for all 
feedback conditions. If S simply dis- 
regarded those trials on which no feed- 
back was presented, the increase in 
number of trials required as feedback 
was reduced might be a reflection of the 
necessity for a critical number of rein- 
forced trials to reach the solution of any 
problem. Table 4 presents the difference 
in mean number of trials on which in- 
formation was presented between the 
100% group and all others. Note 
the increasingly inhibiting effect of 
reduced feedback as problem complexity 
was increased. This finding suggests an 
interaction of these two variables al- 
though there was no statistical support 
for thisconclusion. Actually fewer trials 
accompanied by feedback were required 
by Ss in the 1-bit irrelevant groups 
whereas more trials were needed by the 
3- and 5-bit irrelevant groups. 


Discussion 


The results of these studies clearly 
support several of the proposed hypothe- 
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ses. Asin most earlier studies (1, 2, 3), 
task difficulty was found to be effectively 
controlled by varying the amount of 
irrelevant information in the patterns. 
Performance was an inverse linear func- 
tion of irrelevant information. Both 
completeness of information feedback 
and probability of information feedback 
were consistently significant sources of 
variance in the analyses. The data sup- 
port the notion that reducing complete- 
ness of feedback simply reduces per- 
formance by a constant amount, regard- 
less of task complexity. This factor, 
then, cannot account for the difference 
in shape of the performance-complexity 
function evident from a comparison of 
the results of two previous experiments 
(1,2). Itis plausible, then, to attribute 
the discrepancy in these earlier data to 
another important methodological dif- 
ference between them—the sophistica- 
tion of Ss. In the first of these experi- 
ments, Ss served in several sessions on 
consecutive days, whereas in the other, 
all Ss were naive and served only once. 

The analyses of the effect of prob- 
ability of feedback suggest that its effect 
depends upon task complexity, reduced 
probability being more inhibiting as task 
complexity increases. There is, how- 
ever, no statistical support for this con- 
clusion. It is plausible to argue that, 
had several other schedules of feedback 
or several other levels of irrelevant infor- 
mation been introduced into the experi- 
mental design, a significant interaction 
might have been found. However, in- 
creasing these effects would lead to a 
severe sampling problem since the data 
of pilot studies indicate that sizable per- 
centages of Ss fail problems of greater 
complexity or less feedback probability. 

Of obvious significance is the success 
obtained with the theoretical analysis 
of the present data. Coupling the 
general framework of Restle (11, 12) 
with the modifications suggested by 
Walker (13), quantitative predictions 
concerning the way in which performance 
(errors) in a four-choice problem should 
be affected by changes in irrelevant 
stimulus information and intermittent 
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information feedback were made and, 
by and large, confirmed. The close fits 
of the predictions to the empirical results 
clearly support the assumption that a 
functional relationship exists between 
the ratio of relevant to total stimulus 
cues, as described by Restle, and the 
ratio of relevant to total information 
in bits, within the stimulus patterns, 
as discussed by Walker. The extention 
of the concept of cue validity, beyond its 
application to reinforcement probability 
in two-choice discrimination learning, 
was also confirmed. The data indicated 
that validity was affected by the pro- 
portion of trials in a four-choice problem 
accompanied by complete information 
feedback; in general, an inverse relation- 
ship exists between feedback probability 
and cue validity. According to Walker, 
k should remain constant regardless of 
feedback or complexity conditions. Al- 
though there is no great variability in 
the estimated &’s, there appears to be a 
systematic reduction in the & value as 
feedback probability is reduced. The 
reason for this trend is not obvious but 
may be due to the chosen form of the 
validity equation. Other constants were 
tried in Equation 2 but these failed to 
change the trend in &. Because of the 
close fits obtained, further information 
should be available before any modifica- 
tion is made in the form of Equation 2. 
It should be stressed that the analysis 
performed is not represented as strictly 
in accord with Restle’s probability model. 
The data, however, were encouraging 
enough to warrant a continuation of the 
conceptions used. 


SUMMARY 


Two experiments were conducted to test the 
effects of completeness and probability of in- 
formation feedback upon concept identification. 
In Exp. I, 54 Ss served in a factorial design with 
three levels of task complexity (1, 3, and 5 bits 
of irrelevant information within the stimulus 
patterns) and two degrees of feedback com- 
pleteness (a complete feedback and an incom- 
plete feedback condition). The task for S was 
to learn the correct method of classifying 
visually presented stimulus patterns. 
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In Exp. II, 108 Ss served in a factorial design 
with the levels of task complexity used in Exp. I 
and with four different schedules of feedback 
probability, 100%, 90%, 80%, and 70%. The 


task was essentially the same in the two studies. 


The major findings were: (a) Feedback 
completeness significantly affected concept 
identification. There was a relatively constant 


difference between the incomplete and the 
complete feedback groups in performance at all 
levels of task complexity. (6) Feedback 
probability also was a consistent source of 
variance in the analyses. There was an inverse 
linear relationship between errors and feedback 
probability. Although the analysis of variance 
indicated no significant Probability X Complex- 
ity interaction, the data do suggest this as a 
possibility. (c) Varying the amount of irrele- 
vant information in the stimulus patterns was an 
effective method of manipulating task difficulty. 
In both studies, performance decreased linearly 
with increased irrelevant information. (d) 
The performance observed under various condi- 
tions of feedback probability was adequately 
predicted by Walker’s (13) modification of 
Restle’s (11, 12) model for discrimination 
learning. 
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TRANSFER EFFECTS ON A ROTARY PURSUIT TASK AS 
A FUNCTION OF FIRST-TASK DIFFICULTY?! 


DANIEL S. LORDAHL anv E. JAMES ARCHER 
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In his review of the problem of task 
difficulty and transfer of training, 
Day (3) pointed out that many 
methods have been used to vary the 
difficulty of the tasks employed, and 
that it has been hard to generalize 
about the results. Day concluded 
that one of the principal problems 
in this area is the specification of the 
mode of varying task difficulty. More 
detailed knowledge of how perform- 
ance is affected when Ss transfer 
from one level of difficulty to another 
may aid in the specification of relevant 
dimensions of difficulty. 

Ammons, Ammons, and Morgan 
(1) studied the effects of transfer 
between tasks which were of unequal 
difficulty. Using a rotary pursuit 
task, they examined the effects of 
four speeds of rotation (40, 50, 60, 
and 70 rpm) before and after a rest 
period. They also varied the degree 
of distribution of practice in a fac- 
torial design. Under all conditions, 
the duration of initial practice was 
5 min. The basic results were: (a) 
at all stages of practice, greater time 
on target was associated with slower 
target speeds, (b) there was no in- 
teraction between distribution of prac- 
tice and target speed, and (c) shifting 
from slower to faster speeds resulted 
in better performance than shifting 
from faster to slower, although prac- 
tice at the same speed on both tasks 
was better than other conditions in 


1This research was supported by a grant 
from the Research Committee from funds pro- 
vided by the Wisconsin Alumni Research 
Foundation. The writers are also indebted to 
the Numerical Analysis Laboratory for its 
assistance in the statistical computations. 


most cases. One limitation of this 
study, as the authors pointed out, 
was that the degree of first task 
practice was relatively low. 

In the present study, longer periods 
of practice on the first and second 
tasks were used than in the Ammons, 
Ammons, and Morgan study. It was 
thought that such a practice schedule 
would increase the transfer effects 
and permit a more extensive study of 
these effects. 

In addition, two dimensions of task 
difficulty were studied: (a) speed of 
target rotation, which has been shown 
to produce different levels of per- 
formance (1, 6); and (6) radius of the 
target orbit, which was expected to 
affect learning and transfer since 
different target orbit radii require 
different amounts of physical move- 
ment. Since there was no interest 
in the interaction of the two methods 
of varying difficulty, a separate ex- 
periment was performed for each 
variable, holding the other constant. 


PROCEDURE 


Subjects —Three groups of 15 women stu- 
dents in introductory psychology courses at the 
University of Wisconsin served individually in 
each of the two experiments (total V = 90). 
They volunteered for the experiment, were given 
extra credit towards their course work for 
serving, and no S was permitted to serve in both 
experiments. Each S was naive to the task 
and apparatus and was assigned randomly to 
one of the six subgroups. Under all conditions, 
S was required to serve for two sessions, on two 
consecutive days at about the same hour. 
Four additional Ss were run but their data were 
discarded. Three of these did not return for 
the second session and the fourth was dropped 
because of a power failure during the experiment. 

Apparatus and task—\ variable speed- 
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variable radius pursuit rotor was used. The 
length of the stylus from the hinge to the point 
was 6 in. and the point of the stylus contained 
a ball bearing to reduce friction and maintain 
a constant-sized stylus tip. 

By means of interchangeable turntables E 
varied the distance of the target from the center 
of the turntable. These target orbit radii were 
2.0, 3.5, and 5.0 in. (center to center). The 
target was a brass disc of .75 in. diameter and 
was set flush with the surface of the turntable. 

The turntable could be adjusted to run at 
speeds of approximately 15-85 rpm. Using a 
stroboscopic attachment, E adjusted the speed 
to within .5 rpm of the desired values of 40, 60, 
and 80 rpm. 

When the stylus point contacted the target, 
the circuit was completed to the Tracking-time 
Analyzer. This apparatus has been described 
elsewhere (2), its essential features being a 
bank of 13 resettable counters and a .Ol-sec. 
scale Standard Electric clock. The clock was 
used to obtain total time-on-target measures. 
The first of the counters directly recorded each 
contact between the stylus point and the target. 
The other counters were activated only after 
S had been continuously on target for various 
minimum durations. The durations measured 
by these counters were .00, .05, .10, .20, .30, 
40, .60, .80, 1.00, 1.20, 1.60, 2.00, and 5.00 sec. 

The S could score only during the trial, 
although the rotor was allowed to run 
continuously throughout each session. 

The sounds from the operation of the relays 
and counters were clearly audible to S and al- 
lowed for limited knowledge of results. How- 
ever, the Tracking-time Analyzer and E were 
separated from S by a partial wall and S’s 
scores were not made known to her. 

Conditions —All Ss received thirty 30-sec. 
trials per day, with a 60-sec. rest interpolated be- 
tween trials. During the intertrial rest, S 
placed the point of the stylus in the center of the 
turntable and read magazines on a nearby desk. 

The “speed experiment” studied the effect 
of transferring from one of three different speeds 
of target rotation and the “radius experiment” 
studied the effect of transferring from one of 
three different target orbit radii. 

Each of the three groups in the speed experi- 
ment practiced tracking the target at one of three 
speeds on Day 1: 40, 60, or 80 rpm. On Day 2 
all Ss in this experiment practiced tracking a 
60-rpm target. On both days the target orbit 
radius was held constant at 5.0 in. These 


groups will hereafter be designated as the 40-60, 
60-60, and 80-60 groups. 

Each of the three groups in the radius experi- 
ment practiced tracking targets rotating at one 
of three radii on Day 1: 2.0, 3.5, or 5.0 in. On 
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Day 2 all Ss in this experiment practiced tracking 
a target rotating on a 3.5-in. orbit. On both 
days the speed of rotation was held constant at 
60 rpm. These groups will hereafter be desig- 
nated as the 2.0-3.5, 3.5-3.5, and 5.0-3.5 groups. 

Instructions —All Ss were given general in- 
structions about the task, suggestions on efficient 
methods of tracking, and a demonstration. 
They were told specifically to try to remain on 
target as long as possible, that they would 
receive 30 trials lasting for 30 sec. each and that 
there would be a 60-sec. rest between trials, 
that they should pick up the handle on the com- 
mand of “Ready” but not start tracking until 
the “Start” signal had been given, and that the 
scoring apparatus would record the number of 
times they hit the target and how long they 
stayed on each time. No mention was made of 
a change in conditions before the start of the 
second session on Day 2. 


REsuLTs 
Speed of Rotation 


Time on target.—Figure 1 presents 
the mean percentage time on target 
for both sessions for Groups 40-60, 
60-60, and 80-60. As may be seen, 
when the three groups tracked targets 
of different speeds, Day 1, their per- 
formance was markedly affected. Al- 
though a usually effective? trans- 
formation was applied (4), significant 
heterogeneity of variance remained 
(x? = 16.20, P < .01, 2 df). An ex- 
tended trend analysis of variance (5) 
was performed on the transformed 
Day 1 scores, but because of the 
heterogeneity of variance the F table 
was entered with one-half the df of the 
error term. Nonetheless, the means 
and slopes for the three groups were 
significantly different, F = 61.80 and 
F = 8.84, respectively (2 and 42 df 


The transformation was essentially loga- 
rithmic but since some scores were zero, a 
constant of .01 was added to all scores. To 
avoid logs having negative characteristics, 
another constant of 2.00 was added; therefore 
the complete transformation was 2+ log (x+.01). 
This transformation successfully eliminated 
heterogeneity of variance in all cases except for 
the time-on-target scores, Day 1, speed experi- 
ment. 
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and P < .0l for both). Clearly, time 
on target performance is acquired 
more rapidly and to a higher degree 
as an inverse function of target speed. 

On Day 2 all groups practiced under 
the same conditions of 60 rpm, but 
their performance curves were mark- 
edly dissimilar in certain respects. 

An extended trend analysis on the 
modified log transformation of these 
scores indicated that the rate of gain 
as well as the change in rate of gain 
were highly significant (between group 
slopes, F = 6.683; between group 
quadratics, F = 5.766; 2 and 42 df 
and P < .0l for both). The third 
and fourth order polynomials were 
also significant but their meaning is 
unclear 

Table 1 presents the mean per- 
centage of time on target for blocks of 
5 trials for each group. The first 
three columns summarize the data 
from the speed groups. The re- 
maining three columns summarize 
the data from the radius groups which 
will be considered later. 

Although the differences among the 
over-all means for the three groups 
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for each group in speed experiment on each trial 
on Day 1 and Day 2. 


analysis, there is considerable evidence 
of differential transfer as measured 
by level of performance as a function 
of target speed on Day 1. An analy- 
sis of variance of the transformed 
scores for the first trial for Day 2 
shows that the group means differ 
significantly (F = 11.60, P< .0l, 
2 and 42 df). A trial-by-trial analysis 
indicated that the means differed 
beyond the .05 level on Trials 2, 4, 
5, 6, 7, 11, and 12. After Trial 12 


no significant differences were ob- 

















for Day 2 were not significant in this tained. In view of these results 
TABLE 1 
Mean PercentTAGE OF Time ON TARGET 
Speed Groups Radius Groups 
Trials —_ 
| 40-60 | 60-60 sooo 6| «62035 | 35-35 | so-3.s 
Day 1 | 
1-5 22.93 7.02 2.03 25.09 | 10.89 6.29 
6-10 47.11 16.32 4.90 45.82 24.66 16.69 
11-15 57.70 25.27 6.85 57.99 36.49 24.31 
16-20 63.20 30.36 9.37 64.29 | 46.57 30.32 
21-25 66.65 33.40 11.05 marCt«Lt(‘<it‘édz SS 34.00 
26-30 68.83 | 37.32 12.03 74.69 | 55.58 | 37.34 
Day 2 
-§ 23.45 | 37.20 21.15 47.43 | 55.19 | 50.96 
6-10 33.64 40.78 30.34 55.94 62.02 56.92 
11-15 42.33 45.26 36.39 61.69 | 66.04 63.26 
16-20 45.63 48.47 41.23 63.18 68.47 64.84 
21-25 47.65 49.88 43.68 67.23 | 69.78 66.71 
26-30 50.26 51.11 47.05 68.00 71.38 69.20 
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TABLE 2 


Proportions oF Tota Hits ror SpeciFiep INTERVALS FoR Eacu Group 
(Sums of Trials 1-5 on Day 2) 








Speed Groups 
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and those of the trend test it seems 
reasonable to conclude that practice 
at different target speeds shows dif- 
fereatial transfer for at least several 
trials; and that with continued prac- 


tice, these differences decrease and 
become statistically insignificant. 
Distribution of hits —The distribu- 
tions of durations of continuous time 
on target (hits) obtained from the 
Tracking-time Analyzer were deter- 
mined for each group in six blocks 





MEAN PeRCEN, TIME ON TARGET 








Fic. 2, Mean percentage of time on target 
for each group in radius experiment on each 
trial on Day 1 and Day 2. 


of five trials each. The data were 
grouped to increase the stability of 
the frequency distribution. The ob- 
vious differences on Day 1 will not be 
described since interest is principally 
in the transfer effect. 

The left half of Table 2 presents the 
proportions of these hits at the vari- 
ous durations for the three groups 
in the speed experiment for Trials 1—5 
on Day 2. The 60-60 group not 
only hit the target more frequently 
but made significantly more long- 
duration hits and fewer  short- 
duration hits. 

These performance differences in 
favor of the 60-60 group were con- 
sistent throughout all six blocks of 
five trials (x? values with P < .001) 
although the magnitude of the differ- 
ences decreased with practice. Evi- 
dently the measure of distribution 
of hits is more sensitive than the 
usual time-on-target measure. 


Target Orbit Radius 


Time on target—The mean times 
on target for the three groups in this 
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experiment (2.0-3.5, 3.5-3.5, and 
5.0-3.5) for both sessions of practice 
are presented in Fig. 2. Again, 
after applying the modified log trans- 
formation, an extended trend analysis 
was performed. As in the speed 
experiment, the dimension of target 
orbit radius was highly effective on 
Day 1. The means differed beyond 
the .001 level and the between group 
slopes and quadratics were significant 
beyond the .05 level. 

The data for Day 2 present a dif- 
ferent picture of transfer effects than 
in the speed experiment, however. 
None of the between-group differ- 
ences was significant. Therefore, it 
cannot be concluded that tracking 
targets of different orbit radii dif- 
ferentially affects performance on a 
common task, at least as measured 
by time on target. It may be seen 


in Table 1, however, that Group 3.5- 
3.5 consistently scores slightly higher 


on Day 2 than do the other radius 
groups. This is in line with the re- 
sults from Day 2 for the speed groups. 

Distribution of hits.—As before, the 
durations of continuous time-on-tar- 
get scores were grouped into six 
blocks of five trials each. These data 
for the first block of trials (1-5) on 
Day 2 are shown in the right half 
of Table 2. As in the speed experi- 
ment, the group which did not have 
a change in conditions (Group 3.5- 
3.5) displayed a significantly superior 
level of performance on Day 2. 
Significant x*’s were found for all six 
blocks of Day 2 practice. The Ss 
in Group 3.5-3.5 made more long- 
duration hits than Ss in either of the 
other groups. 

Once again the distribution-of-hit 
analyses appeared to be more sensitive 
in detecting group differences than 
an analysis of the more usual measure 
of time on target. 


Discussion 


A possible reason for different transfer 
effects as a function of the two methods 
of varying difficulty is that the levels of 
difficulty used in the speed experiment 
gave a greater range of performance 
than did the levels used in the radius 
experiment. 

An alternative explanation seems more 
likely, however. If the two m.jor stimu- 
lus variables are redefined in more 
general terms, one can identify variations 
in speed and radius as comparable to 
changes in the frequency and amplitude 
of the stimulus, respectively. Further- 
more, when S matches his responding 
rate to the frequency of the stimulus, 
he will have established a rhythm of 
responding. The greater differential 
transfer in the speed experiment suggests 
that this rhythm may be one of the 
specific component skills which is learned 
by S. Since there was much less differ- 
ential transfer in the radius experiment 
(detected only by the continuous hits 
analyses), the results suggest that the 
amplitude of response is a much less 
specific component skill. 

It is to be noted that frequency has 
been equated to speed of rotation and 
not to target velocity as such, since a 
change in speed of rotation (frequency) 
or target orbit radius (amplitude), 
with the other held constant, will vary 
target velocity. In the present study, 
variations in target velocity were actually 
greater in the radius experiment than 
in the speed experiment but greater 
differences in transfer were observed in 
the latter. 

It appears reasonable that at different 
levels of task difficulty, some component 
skills will be learned more readily than 
others. Which skills are learned is 
probably determined by the ease of 
practicing the skill, the frequency of 
reward for such practice, and the ability 
level of S. For example, an S practicing 
with a 5-in. target orbit radius will 
probably be “off target’”’ more often than 
an § practicing with a 2-in. target orbit 
radius. The former condition is likely 
to give § more practice in making cor- 
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rective movements to get back on target. 
Conceivably the component skill could 
be a decision-making one. For a high 
speed of rotation S§ might reasonably 
decide to wait for the target to catch 
up to him rather than try to overtake 
it when he is off target. Such a pro- 
cedure might be inappropriate when 
transferring to a slower target rotation, 
however, since more time would be lost 
waiting for the target to complete its 
rotation. The specific decision will of 
course be determined by both the speed 
of rotation and the size and direction 
of the tracking error. It is proposed, 
therefore, that different methods of 
varying task difficulty will emphasize 
the learning of different component 
skills. Also, a gross time-on-target score 
will not be an adequate index of the 
differential component-skill ability. 

The persistence on the second task 
of some component skills is likely because 
S receives some over-all reinforcement 
and’ may not be able to identify and 
compare the component skills as such. 
Such an interpretation would suggest 
that at various stages of practice of the 
second task, it should be possible to 
identify systematic changes in compo- 
nents as prior ones are discarded or 
modified. 

It is conceivable that certain com- 
ponent skills could be emphasized by 
experimental manipulation of instruc- 
tions, perceptual feedback, and task 
requirements, thereby controlling the 
amount and degree of transfer. 


SuMMARY 


Two pursuit-rotor experiments were run 
simultaneously to investigate the effects of 
varying first task difficulty on transfer to a 
second task. Two methods of varying difficulty 
were used: speed of rotation of the target and 
radius of the target orbit. In the speed experi- 
ment, three groups practiced with different 
speeds on Day 1 (40, 60, and 80 rpm); each 
group transferred to a common speed (60 rpm) 
on Day 2. For these groups the target orbit 
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radius was held constant at 5.0 in. In the 
radius experiment, three groups practiced with 
different target orbit radii on Day 1 (2.0, 3.5, 
and 5.0 in.) and transferred to a common radius 
on Day 2 (3.5 in.). For these groups the speed 
of target rotation was held constant at 60 rpm. 
Ninety women Ss received 30 trials during each 
of two practice sessions, and each trial lasted 
30 sec. with 60-sec. interpolated rests. 

The response measures were total time on 
target and distribution of time continuously 
on target. The main findings were: (a) Either 
method of varying difficulty of the task pro- 
duced great variations in Day 1 performance, 
with decreases in speed or in target orbit radius 
associated with increased performance. (5) 
The speed variable produced significant dif- 
ferential transfer effects on Day 2 as shown by 
both response measures. The groups which 
practiced at 60 rpm on both days performed 
better than either of the other groups. Prac- 
tice at 40 rpm produced slightly greater transfer 
to 60 rpm than did practice at 80 rpm. (c) 
Variation in the radius of the target orbit did 
not produce significant differential transfer 
effects on Day 2 as measured by time on target. 
However, the group which practiced at the same 
target orbit radius on both days consistently 
scored a greater proportion of long-duration 
hits than either of the other groups on Day 2. 
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EFFECT OF DISTRIBUTION OF PRACTICE ON A 
COMPONENT SKILL OF ROTARY 
PURSUIT TRACKING! 
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University of Wisconsin 


Both of two current theories of 
motor learning (1, 5) imply that 
although the evel of performance under 
massed practice may be lower than 
that for distributed practice, the 
actual level of learning is the same for 
the two conditions. Such a conclu- 
sion may be drawn from the following 
combination of the two theories. 
Practice of a motor skill results in 
the acquisition of certain positive 
habits but simultaneously with the 
acquisition of these habits there 
develops a negative (suppressing?) 
attribute called reactive inhibition 


(Ir) which, through an unspecified 
mechanism, results in a temporary 


work decrement (Dyw,). If S is 
allowed to rest periodically—e.g., 
between trials—IJp is believed to 
dissipate spontaneously. If, however, 
S is not permitted to rest, it is believed 
that Jz will build up to a critical level 
so that when S does rest he will learn 
a negative habit of not responding. 
This not responding has been called 
conditioned inhibition (s/e) and is 
assumed to be a cause of the relatively 
poor performance of a prerest massed 
practice group after an /,-dissipating 
rest has been introduced, i.e., perma- 
nent work decrement (Dyw,). This 
last conclusion is the least acceptable 


1 Most of the data for this study were gathered 
by Lyle E. Bourne, Jr. The study was sup- 
ported by a grant from the Research Committee 
of the Graduate School from funds from the 
Wisconsin Alumni Research Foundation. The 
writer is indebted to the Numerical Analysis 
Laboratory for its assistance in the data analysis 
and especially to its Project Supervisor, Eugene 
L. Albright. 


of the several made by these two 
theories. With two inhibitory con- 
structs almost any data can be ex- 
plained since one construct or the 
interaction of the two will pro- 
vide “refuge” when the other is 
inappropriate. 

Whereas the foregoing combined 
theory emphasizes the performance- 
suppressing character of Jp without 
suggesting the mode of this inhibitory 
action, the present paper proposes 
that the mechanism of performance 
suppression is interference with the 
practice of the intended skill. An 
advantage of this latter position is 
that the construct of s/z and its 
consequent Dy, can be dispensed 
with thereby making the model more 
parsimonious. 

The results of a previous study (3) 
suggested that since Ss serving under 
massed practice show less time on 
target continuously, a failure to learn, 
or at least perform the component 
skill of moving the stylus in a circle, 
was indicated. Furthermore, when 
these Ss showed improvement follow- 
ing a 5-min. rest, they did so by re- 
maining on target for longer durations 
continuously than they did before 
the rest. It was hypothesized that 
this improvement in performance was 
due to the dissipation of Jp which 
had been interfering with S’s practice 
of smooth circular movements. 

The present study was designed to 
measure one of the several component 
skills which is involved in rotary- 
pursuit tracking: moving the tracking 
stylus tip in a circle. This com- 
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Fic. 1. A schematic diagram of the sensing 
device which detected noncircular movements 
and which was imbedded in the handle of the 
tracking stylus. An exploded view of the spring- 
loaded ball tip is also shown. The dotted lines 
U, L, and § indicate three wires which were con- 
nected to a Jones plug mounted at the end of 
the handle. The wire marked S carried the 
signal from the stylus tip and provided a measure 
of time on target. The circuit between U and L 
would be completed if the mercury puddle made 
contact with the upper ring and the lower dish 
contacts. This latter signal indicated a circular 
movement. 


ponent skill was selected for study 
because of its probable sensitivity 
to interference and the ease of 
instrumenting its measurement. 
Although it has been known for 


several years (4) that men are supe- 
rior to women on the rotary pursuit 
task, little further research has been 
directed toward analyzing the bases 
of this difference. On the chance 
that one reason for this performance 
difference was a differential ability 
to make smooth circular movements 
as well as being differentially resistant 
to the interference of Jp, an equal 
number of men and women served 
in this experiment thereby permitting 
an analysis of the effect of this 
variable. 


METHOD 


Subjects —Forty-five men and 45 women 
students in introductory psychology courses at 
the University of Wisconsin served individually 
as Ss. Fifteen Ss of each sex were assigned 
randomly to one of the three distribution-of- 
practice conditions. All were naive to the task. 

Apparatus and task.—The task was provided 
by a pursuit rotor. The target was a polished 
brass disk of .75-in. diameter, set flush with 
the surface of the turntable. The S tracked the 
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target with a stylus which was hinged so as to 
prevent him from pressing down on the target. 
As in previous studies in this series (2, 3), the 
Tracking-time Analyzer was used. In the pres- 
ent study, however, the clock and the counters 
recorded different response measures. When- 
ever S made contact with the target, the clock 
was activated. This provided the usual measure 
of time on target. 

A refinement which controlled for the possible 
change in size and shape of the stylus tip because 
of wear is shown in Fig. 1. The exploded view 
on the left shows the spring-loaded steel ball 
(1/16th-in. diameter) which was the scoring 
contact of the stylus tip. 

A mercury switch of special design was 
imbedded within the handle of the tracking 
stylus. A cut-away view of this switch and its 
position in the handle is also shown in Fig. 1. 
The three essential parts of the switch are (a) 
an upper ring contact, (b) a lower dish contact, 
and (c) a puddle of mercury. The two contacts 
were § in. apart and insulated from each other. 
Whenever S moved the stylus in a circle the 
resultant centrifugal force caused the mercury 
to move out from the depression in the dish 
contact and complete a circuit with the upper 
ring contact. Each such circuit completion 
closed a relay which in turn interrupted the 
signal to the Tracking-time Analyzer. In this 
manner the Tracking-time Analyzer was used 
to obtain a frequency distribution of durations 
of continuous noncircular movements. 

The rotor was operated at 80 rpm instead of 
the more customary 60 rpm so as to optimize 
the sensitivity of the mercury switch. Although 
Ss were instructed to hold the stylus handle 
level, they tended to tilt the handle as if to press 
down on the target. If the turntable turned 
at 60 rpm this inclination of the handle was 
sufficient to cause the mercury to break contact 
even though S was still on target and obviously 
making a circular movement. It was found 
that at 80 rpm the centrifugal force was sufficient 
so that such tilting of the stylus handle did not 
affect the recording of noncircular movements. 
The speed of rotation of the rotor was always 
ascertained by an attached stroboscope before 
the start of each experimental session.? 


2This method of recording noncircular re- 
sponses is admittedly somewhat crude. The 
mercury-puddle device provides a rough dichoto- 
mization of movements that are “sort of circu- 
lar” and other movements. This study was 
primarily concerned with the other movements. 
Since S could and did rotate and tilt the handle 
while tracking the target, it was very difficult to 
get a meaningful calibration of the device. 
Because the sensing device was not mounted in 
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In all conditions of practice the turntable 
revolved continuously throughout the session. 
The E timed the length of the trials and gave 
“ready,” “start,” and “stop” signals orally to 
S. The plate circuit of the Tracking-time 
Analyzer was turned on only during the trials, 
thereby preventing the scoring of noncircular 
movements except during a trial. 

The operation of the analyzer was clearly 
audible to S$ since it was separated from him 
only by a partial wall. The calibration of the 
analyzer was checked at least twice a day to 
correct for changes in line voltage. 

Conditions.—All Ss received 21 30-sec. trials 
with either 0-, 30-, or 60-sec. rest between each 
trial. After Trial 21 all Ss had a 10-min. rest, 
which was then followed by nine trials with no 
intertrial rests. During all rest periods S was 
encouraged to read magazines which were on a 
table behind him when he faced the pursuit 
rotor. This activity kept Ss from visually 
tracking the target during the rest periods. 


RESULTS 


Prerest Performance 


First trial measures.—The perform- 
ances of the six groups on the first 


trial were compared in terms of four 
different response measures: time on 
target, time of noncircular move- 
ments, frequency of noncircular move- 
ments, and frequency distribution of 
noncircular movement durations. For 
none of these measures was the 
intertrial rest interval statistically 
significant (since none of the Ss had 
had a rest, any differences on this 
variable could only be due to chance). 
For all measures except time on 
target there was a sex difference on 
the first trial. Men spent less time 
making noncircular movements than 
women, 3.30 sec. vs. 5.58 sec. 
(F = 13.18, 1 and 84 df, P < .001). 


gimbals, the orientation of the handle in other 
than the horizontal plane adversely affected 
the sensitivity of the device. Although it would 
have provided a more direct method of recording 
the noncircular responses, a motion picture 
recording system was not used because of the 
difficulty of quantitative evaluation of such 
records. 
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Men made fewer noncircular move- 
ments than women, 34.02 vs. 44.06, 
(F = 6.28, 1 and 84 df, P < .025). 
Furthermore, men made fewer long- 
duration and more short-duration 
noncircular movements (x? = 50.81, 
6 df, P < .0O1). 

Time on target—The mean per- 
centage of time on target for each of 
the six groups for all 30 trials is 
shown in the lower half of Fig. 2. A 
summary of an extended trend analy- 
sis of variance is presented in Table 1. 
The assumption of homogeneity of 
variance was met after applying a 
modified logarithmic transformation; 
2 + log (TOT + .01). 

This trend analysis indicates that 
although the sexes differ in terms 
of mean time on target (Line 1), 
neither their slopes (Line 5) nor 
change in slopes (Line 9) differ 
significantly. On the other hand, 
the means (Line 2), slopes (Line 6), 
and change in slopes (Line 10) in- 
crease as the intertrial rest interval 
is increased. 

Frequency of noncircular movements.— 
As expected, the frequency of non- 
circular movements was_ inversely 
related to the duration of the inter- 
trial rest interval: 31.85, 22.27, and 
19.33 for O-, 30-, and 60-sec. rest, 
respectively (F = 11.52, P < .01 for 
2 and 84 df). Furthermore, men 
made fewer noncircular responses 
than women, 21.16 vs. 27.80 
(F = 8.464, P < .01, for 1 and 84 df). 
Finally, during practice the fre- 
quency of noncircular movements 
decreased at a negatively accelerated 
rate from an average of 39.04 on 
the first trial to 21.44 on the last. 
Also the frequency distribution of 
these noncircular movements changed 
from near normal on the first trial 
to markedly skewed later in practice. 

Table 2 presents the frequency 
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Fic. 2. The mean percentage of response time for both noncircular movement and time on 
target is shown as a function of the three intertrial rest intervals and the two sexes. 


distributions for some of the prerest 
and all of the postrest trials. The 
prerest data (Trials 1-21) give but 
a crude estimate of the changes since. 
the distributions for different sexes 
and practice schedules have been 


combined to obtain more stable 
values. The general effect of prac- 
tice is evident, however. The num- 
ber of Ss making many noncircular 
movements decreases and the number 
making few such movements increases. 


TABLE 1 


Summary oF Extenpep Trenp ANALysiIs OF VARIANCE OF Prerest TIME 
on Tarcet Scores; 2 + toc (TOT + .01) 
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TABLE 2 


Numser or Ss Havinc Dirrerent Freovenctes or NoncrrcuLar 
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noncircular movement.— 
The mean percentage of time of non- 
circular movement for each of the six 
groups is also shown in Fig. 2. A 
modified logarithmic transformation 
was applied before these scores were 
subjected to an extended trend analy- 
sis of variance. A summary of this 
analysis is presented in Table 3. 
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Because none of the between-group 
terms beyond the linear component 
was significant, the table has been 
condensed to save space. As in the 
time-on-target trend analysis of vari- 
ance there was a significant sex dif- 
ference; men spent less time making 
noncircular movements than did wo- 
men (Line 1). Furthermore, amount 


TABLE 3 


Summary oF Extenpep TREND ANALYsis OF VARIANCE OF Prerest TIME 
or Noncrrcutar Movements; 2 + toc (TNR + .01) 
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Mean duration of continuous noncircular movement in seconds for all 


distribution-sex combinations for all 30 trials. 


of noncircular movement time was 
inversely related to the intertrial rest 
interval (Line 2). Of particular in- 
terest is the observation that with 
practice the amount of time spent in 
noncircular movement decreases more 
rapidly and attains a lower asymptote 
as the intertrial rest interval increases 
(Line 6). 

Derived noncircular movement meas- 
ures—The mean duration of non- 
circular movement was computed for 
each S for each trial. These values 
were determined by dividing the 
total time of noncircular movement 
per trial by the number of such 
movements. The results, which are 
presented in Fig. 3, indicate that 
the effect of distribution of practice 
and sex difference which was shown 
in the upper part of Fig. 2 was not 
simply due to the increased frequency 
of noncircular movements. Not only 
do women make more noncircular 
movements than men, but the aver- 
age duration of each movement is 
longer (for all prerest trials, F = 
21.068, 1 and 84 df, P< 001). A 


similar conclusion may be drawn 
from the effect of distribution of 
practice: not only does decreasing 
the intertrial rest interval increase 
the frequency of noncircular move- 
ments but it also increases the 
average duration of the noncircular 
movement response (for all prerest 
trials, F = 8.172, 2 and 84 df, 
P < 001). Furthermore, the rate of 
improvement with practice for women 
is probably greater than that for men 
(between-sexes linear term was sig- 
nificant, F = 4.685, 1 and 84 df, 
P < .05). None of the other be- 
tween-groups terms was significant. 
In order to test for a resting re- 
sponse (6) the longest duration of 
continuous noncircular movement was 
determined for each S for each trial. 
As with each of the previous measures 
a modified log transformation was 
applied to eliminate heterogeneity 
of variance before performing an 
extended trend analysis of variance. 
Except for individual and over-all 
significant deviations, only the be- 
tween-sex means and between-rest- 
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interval means were significant sources 
of variation (F = 15.696, 1 and 84 df, 
and F = 11.020, 2 and 84 df, respec- 
tively). None of the higher order 
terms was significant. The absence 
of a significant between-slopes term 
argues against the hypothesis that 
Ss, under massed practice, will learn 
the habit of not responding—i.e., 
conditioned inhibition. 


Postrest Performance 


Time on target—As expected, the 
greatest increase in performance fol- 
lowing the rest occurred in the prerest 
group which had had a 0-sec. inter- 
trial rest. The smallest increase was 
for the 30-sec. prerest group. The 
group which had had a prerest 60-sec. 
intertrial interval showed a decrease 
in performance after the rest. These 
differences were significant beyond 
the .05 level (F = 4.092, 2 and 84 df). 
Sex of S did not differentially affect 
the amount of recovery from gz. 

Not only did the prerest practice 
conditions affect the amount of change 
in performance to the first postrest 
trial, it also affected the level of this 
performance. As may be seen from 
the postrest performance curves in 
the lower half of Fig. 2, the level of 
performance on the first postrest trial 
was directly related to the duration 
of the prerest intertrial rest interval. 
These differences were significant 
beyond the .001 level (F = 9.817, 2 
and 84 df), and are usually taken as an 
index of slp. The performance of 
the two sexes was probably still dif- 
ferent also (F = 4.665, 1 and 84 df, 
P < .05). 

The log transformations of post- 
rest time-on-target scores were ana- 
lyzed with an extended trend analysis 
of variance. Only two sources of 
variance were significant: between 
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means and between slopes for the 
different intertrial rest intervals 
(F = 6.896, 2 and 84 df, P < .001) 
and (F = 3.653, 1 and 84df, P < .05), 
respectively. These results indicate 
that the apparent convergence of the 
postrest performance curves shown 
in the lower half of Fig. 2 was sig- 
nificant and that over all of the 
postrest trials the level of performance 
was proportionate to the prerest 
degree of distributed practice. 

Frequency of noncircular movements.— 
As expected, the frequency of non- 
circular responses decreased as an 
inverse function of the prerest inter- 
trial rest interval (F = 8.411,P < .01 
for 2 and 84 df) from the last prerest- 
trial to the first postrest trial. This 
reduction was unrelated to the sex 
of S. Although the prerest practice 
condition affected the magnitude of 
decrease in frequency of noncircular 
movements, it did not affect the 
final level of responding. Under com- 
parable conditions (massed practice 
for all groups) the frequency of non- 
circular movement was unrelated to 
prerest intertrial conditions. 

The effect of massed practice (the 
uniform postrest condition) is evident 
from the lower half of Table 2 (Trials 
22-30). As practice continues, and 
Ip presumably accumulates, the num- 
ber of noncircular movements in- 
creases as well as the interindividual 
variation. 

Derived noncircular movement meas- 
ures:—The total time of noncircu- 
lar movement was unrelated to the 
prerest conditions. The sex differ- 
ence remained, however (F = 7.576, 
P < .O1 for 1 and 84 df). 

In summary, except for this sex 
difference none of the prerest effects 
was significant in the analyses of 
postrest scores. Men made fewer 
noncircular responses which were on 
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TABLE 4 


INTERCORRELATIONS OF Measures oF Noncircutar MoveMENTS 
(Excerpt Frequency) anp Time on TARGET 
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the average of shorter duration and, 
over all, the time of noncircular 
movement waslessformen. Further- 
more the mean longest duration of 
noncircular movement was also less 
for men. 


Correlations of Measures 


Although the measures of fre- 
quency and duration of noncircular 
movements became increasingly more 
skewed with practice (see Table 2), 
it was of some interest to know of the 
correlations of these measures and the 
usual performance measure of time 
on target. The intercorrelations for 
all of these measures, except fre- 
quency of noncircular movements, 
were determined for each group for 
each trial both pre- and postrest. 
The only detectable trends as a 
function of practice were (a) a marked 
drop in the correlations immediately 
after the 10-min. rest and (bd) a 
gradual increase in the correlations 
during the postrest trials as shown 
in the last column of Table 2. The 
over-all pre- and postrest correlations 
between frequency of noncircular 
movements and time on target were 
—.48 and —.25, respectively. The 
other intercorrelations for the less 
severely skewed measures are pre- 
sented in Table 4. 


Discussion 


The results of the present study lend 
considerable support to the following 
expansion of a miniature behavioral 
system. During and because of the 
practice of a motor skill certain negative 
factors (Jr) accumulate. If rests of 
sufficient frequency and duration are 
interpolated between practice sessions, 
these negative factors will dissipate 
without affecting the level of perform- 
ance. If, however, the rests are of 
insufficient duration, the negative factors 
will accumulate to a sufficient level to 
cause an involuntary tremor of the 
effector system practicing the skill. In 
a perceptual-motor skill such as used 
in this study, the effect of these tremors 
produced and were recorded as a failure 
to make circular movements. 

Since the acquisition of the rotary 
pursuit skill requires the learning of the 
circular movement response, it would 
be expected that the rate of such learning 
would be affected by the length of the 
intertrial rest interval. As the inter- 
trial rest interval decreases, the op- 
portunity for the accumulation of Jp 
increases and its observable effect— 
tremor-produced noncircular movements 
—increases. Whereas the /earning of the 
rotary pursuit skill decreases the fre- 
quency and duration of noncircular 
movements, the massing of practice 
operates as a counter effect; hence 
different rates of learning. That this 
did happen is evident from the significant 
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between-rest interval slopes 
Table 3 and from Fig. 2. 

Furthermore, we would expect that 
one effect of a long interpolated rest 
for all groups would be to markedly 
reduce the frequency and total duration 
of noncircular movements since, with 
rest, the negative factor which produced 
the tremors, which in turn produced 
noncircular responses, will spontaneously 
dissipate. This also was observed in the 
present study. 

Finally, when practice is resumed there 
is no reason to expect that the groups 
which had had differing prerest intertrial 
rests will perform equally well. The 
failure to perform equally well has 
previously been regarded as evidence 
for conditioned inhibition or permanent 
work decrement by some writers (1, 5). 
However, when the practice-interfering 
effect of the tremor response is con- 
sidered, it would be more remarkable 
if the groups did mot differ on the first 
postrest practice trial. After all, they 
have not had an equal opportunity to 
practice, e.g., a smooth circular move- 


term in 


ment and a tremor are incompatible. 
In the present study, the level of per- 


formance (as measured by time on 
target) on the first postrest trial was 
significantly affected by the prerest 
intertrial interval; the level was pro- 
portional to the intertrial rest interval. 
Since the amount of interference with 
the practice of the rotary pursuit skill 
was inversely related to the intertrial 
rest interval, it is proposed that the 
concepts of sJez and Dw, are no longer 
necessary since differential practice is a 
more parsimonious explanation. Also, 
irrespective of the prerest intertrial 
conditions, the frequency and_ total 
duration of noncircular movements in- 
creased when the postrest practice was 
massed. In short, the degree to which 
Ip interferes with the practice of a skill 
appears to be a simple inverse function 
of the distribution of that practice. 

At least a partial explanation of the 
time-on-target differences which are ob- 
served for the two sexes can be found in 
the present study. For naive Ss, men 
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make fewer noncircular responses and, 
on the average, these are of shorter 
duration than comparable measures for 
women. Although both sexes learn to 
reduce the frequency and duration of 
these inappropriate tracking responses, 
men are still superior in this component 
skill. Neither sex, however, was better 
at resisting the effects of massing of 
practice. 


SUMMARY 


In a rotary pursuit experiment, the frequency 
and duration of noncircular movements was 
measured as a function of intertrial rest interval 
and sex of the S. As expected, the frequency 
and duration of noncircular movements was 
inversely related to intertrial interval. Also, 
men made fewer such movements and they were 
shorter than for women. With practice the 
number and duration of noncircular movements 
decreased. Furthermore, the rate of decrease 
was directly related to the intertrial interval. 

After a 10-min. rest the frequency and dura- 
tion of noncircular movements decreased as an 
inverse function of the prerest intertrial rest 
interval. The prerest interval did not affect 
the frequency and duration of noncircular 
movements although it did directly affect the 
duration of time on target. 

The following hypotheses were proposed: (a) 
The reactive inhibition (Jz), which develops 
during and because of practice of a motor skill, 
will produce tremors. These involuntary reac- 
tions prevented S from making smooth circular 
movements. (b) Performance, as measured by 
time on target, is poorer as the intertrial rest 
interval is decreased because the tremors inter- 
fere with the practice of the rotary pursuit skill. 
(c) Because of this interference, the skill is 
learned to a lower degree and this differential 
practice is a simpler explanation of the apparent 
permanent work decrement than is the concept 
of conditioned inhibition. 
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MAGNITUDE OF SENSORY 
PRECONDITIONING! 
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Since the report of the initial study 
of sensory preconditioning by Brog- 
den (1), studies have been reported 
that confirm the phenomenon (2, 5, 
9), but those that have attempted 
to show variation in the magnitude 
of sensory preconditioning as a func- 
tion of several independent variables 
have been unsuccessful (5). The 
lack of success may be due to the 
fact that these studies were conducted 
with human beings as Ss. It appears 


then that experimental studies with 
animals may be more productive in 
identifying variables that affect the 
magnitude and occurrence of sensory 


preconditioning phenomena. 

The present study was designed to 
investigate the relation between the 
time of onset and duration of the 
stimuli involved in preconditioning 
training upon the magnitude of sen- 
sory preconditioning in cats. Since 
Wolfle (12), Kappauf and Schlosberg 
(8), and Spooner and Kellogg (11) 
have reported variation in amount 
of conditioning as a function of the 
time relations of the CS and UCS 
during training, the magnitude of 
sensory preconditioning should be a 
function of the time relations of the 
stimuli involved during precondition- 
ing. If the one of these two stimuli 
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to be made a CS later by avoidance 
training is designated the UCS during 
preconditioning, then the other (the 
one involved in the critical test 
following both preconditioning and 
avoidance conditioning training) may 
be designated the CS. This frame- 
work then provides the opportunity 
to vary the time relations of the CS 
and UCS during preconditioning 
training. Silver and Meyer (10) com- 
pared the relative effectiveness of 
backward, simultaneous, and for- 
ward time relations during precondi- 
tioning upon sensory preconditioning 
measured by transfer conditioning 
training. They obtained evidence 
of a greater amount of sensory pre- 
conditioning for the forward precondi- 
tioning than for backward and simul- 
taneous preconditioning. There was 
no difference between backward and 
simultaneous preconditioning. The 
present study is concerned with the 
effect of the magnitude of precedence 
of the CS over the UCS (as defined 
above) during preconditioning upon 
the magnitude of sensory precondi- 
tioning. It was designed to test 
the hypothesis that the magnitude 
of sensory preconditioning will in- 
crease with an increase in precedence 
of the CS over the UCS from zero 
up to an optimum value and there- 
after decline with further increase 
in the precedence of CS over UCS. 


PROCEDURE 


The experiment was conducted in a sound- 
insulated, light-shielded room. The condition- 


437 








' 438 


ing apparatus was the rotating cage of Brogden 
and Culler (4). The sensory conditioning 
stimuli were a tone and a light. The tone was 
1000 cycles in frequency and was 60 db above 
.0002 dyne/cm.? The sound source was a 
loudspeaker in the experimental room located 
in a corner 1 ft. in front of the rotator. The 
light stimulus was provided by the illumination 
of two 100-w. light bulbs. The light bulbs were 
hung from the ceiling so that one bulb was 4 in. 
in front of the cage and the other bulb was 4 in. 
from the back of the cage. Thus, when the 
light stimulus was presented, S always faced an 
illuminated bulb. The E made his observations 
through a one-way glass in the wall of the 
experimental room. Apparatus for the pro- 
duction of the stimuli and their time control 
was located outside of the experimental room. 
Tone and light durations were controlled by 
Tektronic Model 162-A wave form generators. 
The tone was fed to an electronic switch with 
a rise-fall time of 50 msec. Electric shock was 
produced by an electronic stimulator that 
automatically maintained a constant current. 
During avoidance training the intensity of the 
shock was adjusted by E to the minimum neces- 
sary to provide a minimum cage-turning UCR. 
The duration of shock was .1 sec. and it occurred 
at the end of the light CS. 

The 24 cats of the experiment were assigned 
at random so that N for each of the five experi- 
mental and one control groups was four. Two 
E’s tested Ss so that each S was conditioned 
and tested by a single E but E£ was not orthogo- 
nal in- the experimental design. The daily 
experimental session involved 20 trials of the 
appropriate condition. For each group there 
were four procedures: (a) 10 test periods of 
preconditioning training; (b) instrumental avoid- 
ance training with a 2-sec. light CS and .1-sec. 
shock UCS until the conditioning criterion of 
90% CR (18 or more cage-turning shock-avoid- 
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ing CR’s for the 20 trials was reached) ; (c) tests 
for sensory preconditioning by presenting a 
2-sec. tone CS until frequency of CR in a given 
test period was 10% or less; (d) extinction of the 
CR to the light CS until the criterion of 10% 
or less CR in a given test period was reached. 
During preconditioning training the light was 
always of 2-sec. duration. Preconditioning for 
the experimental groups involved pairing of 
tone (CS) and light (UCS). The tone always 
terminated when the light terminated but it 
preceded the onset of the light by 0 sec. (E,), 
.5 sec. (Es), 1.2 sec. (Es), 2 sec. (Ey), and 4 sec. 
(Es). Thus the duration of the tone for the 
five experimental groups respectively was 2, 
2.5, 3.2, 4, and 6 sec. The Ss were quiet during 
preconditioning training. Since no cage-turning 
response occurred to any presentation of the 
preconditioning stimuli, this requirement of the 
sensory preconditioning paradigm (1) was met. 
The Ss of the control group (C) were placed in 
the rotator for 10 min. on each of the 10 days of 
pretraining, but received no stimulation of tone 
or light. The conditions of the remaining three 
procedures were the same for all groups. Dur- 
ing instrumental avoidance training a CR was 
defined as a cage-turning response that occurred 
before the termination of the CS. The occur- 
rence of a CR provided for avoidance of the 
electric shock UCS. This same criterion of 
response was maintained for the third and fourth 
procedures except that no shock was involved. 
The intertrial interval for all procedures varied 
between 15 and 30 sec. 


RESULTS 


The data on acquisition of the 
conditioned cage-turning response to 
the light CS was examined first to 
determine whether or not there were 




















TABLE 1 
Resutts or Postrest TriALs or Tone 
Group 
. ! 
Cc Ei E: Es | Ex Es 
1 0 (1) 6 (2) 6 (2) 4(2) | 7) | 1503) 
2 0 (1) 3 (2) 5 (2) 2 (1) 4 (2) | 10 (3) 
3 0 (1) 2() 2 (1) 4 (2) 7 (2) | 6 (2) 
4 0 (1) 2 (1) 1 (1) 1 (1) 4(2) | 7(2) 
Mean Responses 0.00 3.25 3.50 2.75 5.50 9.50 
Mean Test Periods 1.00 1.50 1.50 1.50 2.00 2.50 














Note.—The first number in each cell is the frequency of response to the tone. The second number in parentheses 
meet the extincti 


is the number of test periods required to 


ction criterion of two or less responses in one test period. 











differences between the groups that 
might affect the measures of sensory 
conditioning. An analysis of vari- 
ance of the number of trials to reach 
the acquisition criterion was per- 
formed and no significant differences 
between groups were obtained. If 
there is no evidence that precondi- 
tioning has a differential effect upon 
acquisition of the cage-turning CR 
to the light CS, there can be no 
differential effect of acquisition train- 
ing upon the measures of sensory 
preconditioning. 

The test for cross modal stimulus 
generalization provided by the fre- 
quency of response to the trials of 
tone alone is the standard measure 
for sensory preconditioning. Since 
these tests involve extinction of the 
generalized CR to the tone, any 
differences in amount of cross modal 
generalization might be reflected also 
as extinction transfer effects to the 
extinction of the CR to the light CS. 
Examination of the frequency of CR, 
the number of trials and the number 
of test periods to the extinction 
criterion of 10% or less for the CR 
to the light CS showed no apparent 
differences. Analyses of variance of 
these data produce in each case an 
insignificant F ratio of the between- 
and within-group variances.  Fre- 
quency of response to the tone in the 
test periods immediately following 
acquisition, however, is different for 
the control and experimental groups, 
and there appear to be differences 
between the experimental groups. 

Table 1 presents the frequency of 
response for each S in each group 
and the number of test periods 
required to meet the extinction cri- 
terion of two or less responses in one 
test period. The group means of 
these two measures are given also. 
Since none of the Ss in the control 
group gave any response to the tone 
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TABLE 2 


ANALysis or VARIANCE OF RESPONSES TO 
Tone sy Experimentat Groups 




















Source | df | MS F 

Between Groups 4 30.83 5.00* 

Linear 1 78.40 12.71* 

Quadratic l 34.57 5.60* 

Cubic 1 2.03 0.33 

Quartic 1 2.60 0.42 
Within Groups 15 6.17 

*P = 0S. Bid 


and all Ss in the experimental group 
gave some responses to the tone, 
there is clear evidence of sensory 
preconditioning.‘ An analysis of 
variance of these data provides a 
significant F ratio and supports this 
conclusion. The increase in magni- 
tude of sensory preconditioning par- 
ticularly at the greater durations of 
tone during preconditioning training 
for Groups FE, and Es was examined 
further by an analysis of variance of 
the frequency of response to tone 
during the critical test for the experi- 
mental groups only. The results of 
this analysis are given in Table 2. 
The orthogonal polynomial analy- 
sis of variance (7) provides not only 
for an F test of the between-groups 
and within-groups variances but also 
provides a test of the fit of linear, 
quadratic, cubic and quartic functions 


*The intended design of the experiment 
included a second control group for noncontiguous 
presentation of tone and light. This group 
should have been given pretraining trials of the 
tone alone, but through an error was given 
pretraining trials of the light alone. One of 
the four Ss of this group gave two responses 
to the tone alone following conditioning of the 
cage-turning response to the light. The others 
gave no responses. There are no significant 
differences between this group and the standard 
control group and there are significant differ- 
ences between this group and all the experimental 
groups. The failure to find any effect from 
control groups for noncontiguous presentation 
of the preconditioning stimuli (2, 5, 10) makes 
this control procedure unnecessary. 
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Fic. 1. Relation between magnitude of 


sensory preconditioning and precedence of tone 
over light during preconditioning. 


to the relation between magnitude 
of sensory preconditioning and degree 
of precedence of the tone over the 
light during preconditioning training. 
The significance of the between- 
groups source of variation demon- 
strates significant differences between 
the group means. The significance 
of the linear and quadratic sources 
demonstrates that there are signifi- 
cant linear and quadratic components 
in the relation of magnitude of sensory 
preconditioning and magnitude of 
precedence of the tone over light and 
that a quadratic function provides the 
best fit for these data. 

The group means for the five 
experimental groups are plotted in 
Fig. 1 and the solid straight and 
curved lines are the best fitting linear 
and quadratic functions obtained 
from the analysis, the equations for 
which are also given in Fig. 1. A 
further check on the functional rela- 
tion of magnitude of sensory pre- 
conditioning and precedence of the 
tone over the light was obtained by 
the Duncan Range Test (6) of the 
differences between group means. 
The results of this test show that the 
mean of 9.5 responses for Group Es 
is significantly different from the 
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means for each of the other groups 
and that there are no other significant 
differences between means. 


Discussion 


The present data confirm the phenom- 
enon of sensory preconditioning in an- 
other species of animal with another 
type of response and establish a differ- 
ence in the magnitude of sensory pre- 
conditioning as a function of the time 
relations between the stimuli during 
preconditioning training. In dealing 
with the latter result it appears to be 
unwise to go beyond the results obtained 
with the Duncan Range Test. This test 
establishes a significantly greater amount 
of sensory preconditioning for Group Es 
(precedence of tone over the light by 
4 sec. during preconditioning) than that 
for any of the other experimental groups 
where the precedence of tone over light 
was less. Neither the linear nor the 
quadratic equations obtained from the 
orthogonal polynomial analysis of the 
data appear entirely reasonable. Both 
of these functions suggest that with 
preconditioning in which the precedence 
of tone over light is greater than 4 sec. 
the magnitude of sensory preconditioning 
will increase. 

There must, however, be a limit to 
this further increase in magnitude of 
sensory preconditioning since at some 
value of precedence of the tone over 
light, conditions for the formation of a 
delayed CR will be produced, and the 
conditions for delayed conditioning train- 
ing are relatively inefficient in the 
amount of conditioning per unit of 
training (3). On the other hand, it is 
possible that the phenomenon of sensory 
preconditioning is sufficiently different 
from standard conditioning that the 
same relations between magnitude of 
conditioning and time relations between 
the stimuli do not hold. If one con- 
siders what might be expected for time 
relations during pretraining in which 
the light UCS precedes the tone CS, 
i.e., backward conditioning training, the 
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linear function appears to be more 
reasonable than the quadratic function. 
In view of the results obtained by Wolfle 
(12) and Spooner and Kellogg (11), 
one would expect a further decline to 
zero in the magnitude of sensory pre- 
conditioning as the precedence of the 
light UCS over the tone CS is increased. 
Again it may be argued, however, that 
the phenomenon of sensory precondition- 
ing is sufficiently different from the 
standard conditioning so that this rela- 
tionship might not hold. The failure of 
Silver and Meyer (10) to find any differ- 
ence in amount of sensory precondition- 
ing between backward and simultaneous 
pretraining supports this view. 

In any case, the results of the present 
experiment support without question 
the conclusion that the magnitude of 
sensory preconditioning for the condi- 
tions of Group E; is greater than for the 
conditions of the other four experi- 
mental groups. Whether there is a 
continuous function of the magnitude 
of sensory preconditioning and the time 
relations of the stimuli involved in 
preconditioning training will require 
experimental study involving greater 
degrees of precedence than those of the 
present experiment and also variation 
in the time relations of the backward 
conditioning variety. 


SUMMARY 


The experiment was designed to investigate 
the relation between the time of onset and dura- 
tion of the stimuli involved in preconditioning 
and the magnitude of sensory preconditioning. 
During the 200 trials of preconditioning the 
light (UCS) was 2 sec. in duration and termi- 
nated at the same time as the tone (CS). For 
the five experimental groups, the onset of the 
tone preceded the onset of the light by 0 sec. 
(E,), .5 sec. (Ez), 1.2 sec. (Es), 2 sec. (E4), and 
4 sec. (Es). The cats of the control group for 
cross modal sensory generalization were placed 
in the rotator for 10 min. a day for 10 days as a 
control on preconditioning training. All groups 
received avoidance training until the criterion 
of 18 or more shock-avoiding cage-turning 
CR’s to the light CS in one test period was 
reached. Twenty trials of the tone alone were 
given in daily test periods until the frequency of 
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CR was two or less. Finally, extinction trials 
of 20 daily presentations of the light were given 
until frequency of CR was two or less. 

Analysis of variance showed no significant 
differences between groups in speed of acquisi- 
tion or in any measures of extinction to the light. 
Significant differences were obtained for fre- 
quency of response to the tone. There weré no 
responses to the tone by Ss of the control group. 
Some response to the tone was made by every 
one of the experimental Ss. An orthogonal 
polynomial analysis of variance showed signifi- 
cant differences between the experimental 
groups with significant linear and quadratic 
components in the relation between magnitude 
of sensory preconditioning and the degree of 
precedence of tone over light during pretraining. 
The Duncan Range Test, however, showed only 
that the mean for Group E; was significantly 
greater than the means of all other groups. 
Although there is clear evidence that amount of 
sensory preconditioning varies as a function 
of the time relations of stimuli involved during 
preconditioning, the results of the present experi- 
ment do not establish a precise, continuous 
function. The suggestion is made that the 
effect of time relations during preconditioning 
may affect sensory preconditioning in different 
ways than do time relations of the CS and UCS 
during standard conditioning. 
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A COMPARISON OF CORRECTION AND MODIFIED 
CORRECTION PROCEDURES ON THE 
ACQUISITION OF A 12-UNIT 
VERBAL MAZE !# 


RICHARD F. THOMPSON 


University of Wisconsin 


The experiment presented in this 
paper compares the effects of two 
learning procedures on the acquisi- 
tion of a verbal maze. In previous 
studies by Brogden and Schmidt 
(1, 2) on this type of maze the cor- 
rection procedure was employed, a 
necessary result of maintaining the 
analogy with spatial maze situations. 
In the verbal maze, S is allowed to 
make only a limited number of 
responses, the responses being the 
alternate choices per maze unit. 

The terms “correction” and “modi- 
fied correction” refer to treatment 
of S in a learning situation. Under 
the former procedure, S must respond 
until the correct response is dis- 
covered. Under the modified cor- 
rection procedure, more typically 
employed in serial verbal learning, S 
responds only once and is then pre- 
sented with the correct response 
which he may or may not be required 
to repeat. It will be noted that the 
number of correct responses presented 
to S in a given number of trials is the 
same under both procedures, the 
differences lying in the greater num- 
ber of responses required from S 
in correction learning. 

Under the correction procedure, 
when number of alternate choices 
per choice point is increased (1, 2), 
amount of discovery required for 
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Research Committee from funds provided by the 
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a given amount of information in- 
creases, and difficulty of acquisition 
as measured by time and errors also 
increases, It might be expected, 
then, that an increase in number of 
alternate choices would result in 
a disproportionate increase in diffi- 
culty in the correction procedure, 
relative to the increase in difficulty 
in the modified correction procedure, 
where increase in number of alternate 
choices does not change the amount 
of discovery required. 


PROCEDURE 


Five mazes were used, each 12 
units in length, with 2, 3, 4, 5, or 6 
alternate choices per maze _ unit. 
Each unit of Maze 1, the 2-choice 
maze, included a choice of right (R) 
or left (L). In Maze 2, the three 
choices were right, left, and up (U). 
For Maze 3, the choices were right, 
left, up, and down (D). The Maze 4 
pattern included right, left, up, down, 
and right-up (RU). Finally, in Maze 
5, the six choices were right, left, up, 
down,, right-up, and left-up (LU). 
The correct patterns for the mazes 
have been presented elsewhere (8). 

In the previous studies (1, 2), the 
pattern of correct choices for each 
maze was chosen from a table of 
random numbers, the only restriction 
being that an equal number of each 
kind of choice be used, except where 
impossible (e.g., 6 choice, 16-unit 
maze). However, when using tables 
of random numbers, it sometimes 
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happens that different patterns chosen 
are unequal in relative difficulty. 
Hence, in the present study the 
following additional criteria were em- 
ployed: (a) One symbol appears no 
more than twice in succession; (bd) 
in Mazes 2-5, a doublet cannot ap- 
pear in immediate conjunction with 
another such doublet; (c) in Mazes 
2-5, no doublet is allowed to appear 
more than twice; (d) in Mazes 2-5, 
no doublet is allowed to follow itself 
immediately; and (¢) in Mazes 2, 4, 
and 5, “up” and combinations with 
“up” rather than “down” and com- 
binations with “down” are used. 
In previous studies, in patterns where 
one or the other could be used, no 
significant differences were found be- 
tween patterns containing “up” and 
combinations with “up” and identical 
patterns substituting “down” and 
combinations with “down.” 

The patterns were presented to Ss 
on a memory drum. The Ss viewed 
the words of the patterns through a 
slot in a large fiberboard screen 
separating S and E£. The correct 
response was presented to S for 2 sec., 
but no fixed response time interval 
was required under either procedure. 
The lists were presented, in the man- 
ner indicated in the instructions 
given below, with a 30-sec. interval 
between presentations. 

When S was seated in front of the 
screen, E read the instructions, hand- 
ing S a small card on which the 
choices used in the pattern were 
printed. The words on the cards 
were pointed out to S as they occurred 
in the instructions. The Ss of the 
2-choice correction group were told 
they were to learn a series of words, 
the words being the directions “right” 
and “left.” When signaled to start 
they were to name the directions, 
and when the correct direction was 
named it would appear on the memory 
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drum in front of them. Directions 
were then to be named again until 
the second correct direction was 
named, whereupon it would appear, 
and so on throughout the list. The 
list was to be repeated until one error- 
less trial was completed. The in- 
structions for the remaining correc- 
tion groups differed only in terms of 
number and kinds of choices. For 
the modified correction groups, the 
instructions differed in that S was 
permitted to name only one direction, 
after which the correct direction 
would appear on the drum. The 
instructions were otherwise compar- 
able. 

One hundred Ss, all volunteers from 
elementary classes in psychology ac 
che University of Wisconsin, served 
in the experiment. None of them 
had had previous experieice in this 
situation. Of the 100, 64 were wo- 
men and 36 were men. The Ss were 
assigned at random to each cell 
of the 2 <5 factorial design em- 
ployed. All Ss learned to a criterion 
of one perfect trial. 


RESULTS 


There are three possible scores, 
trials, errors, or time to the criterion, 
to employ in measuring acquisition. 
The error scores may be of two types: 
total errors and total first errors. 
The total first errors measure is used 
to compare the two procedures on the 
number of first errors per number of 
stimulus presentations. It includes 
all errors made under the noncor- 
rection procedure, but only a part of 
the errors made under the correction 
procedure. For the purpose of com- 
paring the two procedures, all these 
scores may be considered appropriate 
measures. 

Satisfactory comparisons of acqui- 
sition rates for the various mazes, in 








correction learning, may be made, as 
Brogden and Schmidt have pointed 
out (2), only in terms of time or 
error scores. Thus trials to the 
criterion are inadequate since suc- 
cessive trials are unequal in time 
and in terms of total number and 
kind of errors. 

Analyses of variance were com- 
pleted on the data for all four meas- 
ures and the results are given in 
Table 1. It will be noted that the 
results for time and total errors are 
similar to each other, and those for 
trials and total first errors, while 
differing from time and total errors, 
are similar to each other. Examina- 
tion of the means (see Fig. 1) shows 
that, in general, maze difficulty in- 
creases with number of alternate 
choices. For time and total errors, 
the correction procedure is more 
dificult than the modified correction 
procedure, but the two procedures 
are not significantly different in 
terms of trials and total first errors. 

To compare acquisition rates under 
the two procedures, Vincent curves 
were constructed for the first-errors 
measure. The curves for the two 
procedures are essentially superim- 
posable, indicating no differential 
effect of procedure on learning rate. 
Both time and total errors to the 


TABLE 1 


Summary or F-Ratios From 
ANALYSES OF VARIANCE 


| Measures 











Source df 
| Total 
Time | Trials | Total | First 


Errors Errors 


5.34** 14.03**| 14.26** 





Mazes (M) | 4 





14.05** 





Procedures | 1 | 16.38**| 0.34 [22.59**| 0.97 
(P) 
MX P | 4| 2.94* | 1.21 | 5.47**| 0.55 
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criterion as a function of number of alternate 
choices per maze unit. Solid dots and lines 
represent empirical points and _best-fitting 
straight lines for the correction procedure; 
hollow dots and dashed lines represent empirical 
points and best-fitting straight lines for the 
noncorrection procedure. 


criterion as a function of number of 
choices per choice point are plotted 
for each of the two procedures in 
Fig. 1. The orthogonal polynomials 
analysis (3) was completed on these 
two measures for each procedure, 
and in all four cases the linear com- 
ponent, and only the linear compo- 
nent, is significant. Thus it is evi- 
dent that all the functions are best 
described by best-fitting straight lines. 
For the time data the equation of the 
line fitted to the correction group is 
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Y = 186.6X — 21.9, and for the 
modified correction group it is 
Y = 59.8X + 261.5. For total errors 
data the equation fitted for the correc- 
tion group is Y = 31.1X — 55.8, and 
for the modified correction group it 
is Y = 7.1X + 3.7. 


Discussion 


As noted earlier, when comparing 
verbal mazes of this type differing in 
number of alternate choices, time and 
total errors are the only meaningful 
measures. In comparing suck mazes, 
Brogden and Schmidt (1, 2) found 
significant increases with increasing num- 
ber of choice points, and in fact found 
the data best described by straight lines. 
This is at variance with the usual find- 
ings on verbal learning where, when 
length of list or quantity of material is 
increased, the disproportionate increase 
in difficulty occurs (4, 5, 6). In the 
present study, time and total errors 
both increased significantly and linearly 
with increasing number of alternate 
choices. For these measures, the straight 
line for the correction procedure is 
significantly steeper than that for the 
noncorrection procedure, indicating 
much greater increase in difficulty with 
increase in the number of choices per 
choice point, as was predicted. 

The results of the present study clearly 
demonstrate the superiority of the modi- 
fied correction procedure over the cor- 
rection procedure in terms of time and 
total errors to criterion. Trials are not 
comparable for the two procedures 
because of greater time and greater 
number of responses (and so, total 
errors) made in the correction procedure. 
Total first errors are even less com- 
parable, since they include all errors 
made in the modified correction pro- 
cedure but only a part of the errors made 
in the correction procedure. Thus these 
two measures cannot be considered satis- 
factory indices of learning per se for 
comparison of the two _ procedures. 
They do, however, provide indices con- 
cerning the number of presentations 
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of the correct responses required by S§ 
to learn. Thus the number of presenta- 
tions of the correct stimuli is twelve 
times the number of trials. Total first 
errors indicates how many times § 
requires correction—i.e., is given the 
correct stimulus after having made an 
error—to learn. 

The discovery element, present in the 
correction procedure, is essentially elimi- 
nated in the modified correction pro- 
cedure. Thus as number of alternate 
choices increases, increasing amount of 
discovery is required in the correction 
procedure while no increase is required 
in the modified correction procedure. 
In the former, greater time is required 
and many more responses, interpolated 
between presentations of the correct 
choices, are made. When such condi- 
tions apply in verbal learning, difficulty 
is increased (4). It is therefore sur- 
prising to note that, although time and 
total errors are indeed greater for cor- 
rection learning, no more presentations 
of the correct responses are required by 
S than in modified correction learning. 
This would seem to argue that the dis- 
covery element has no significant effect 
upon the number of presentations of the 
correct responses required for learning, 
but serves rather to increase time and 
errors in proportion to the amount of 
discovery necessary. The fact that the 
Vincent curves for first errors are the 
same for both procedures demonstrates 
that the greater amount of discovery 
required in the correction procedure has 
no effect on rate of learning. 

The experimental findings of this 
paper have been utilized by Simon (7) 
in the construction of a learning model. 
His conclusions, based on this and other 
studies, are in essential agreement with 
those stated above. 


SUMMARY 


The effects of two procedures, correction and 
modified correction, were compared on the 
acquisition of a 12-unit verbal maze. The two 
procedures did not differ in terms of trials and 
total first errors, but the correction procedure, 
which involved more discovery, required greater 
time and total errors. Time and total errors 
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increased linearly with number of alternate 
choices for both procedures, the correction 
procedure giving a line of steeper slope. Rate 
of learning, as measured by first errors, was the 
same for both procedures. 
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One type of delay of reinforcement, 
in instrumental reward learning, 
which Hull discusses (4) is the within- 
chain case of delay. It involves 
response chains of different lengths 
or different distances between the 
initial portion of the chain and the 
reinforcing event at the end of the 
chain. 

This variable of distance was in- 
vestigated by Hull (2) in a situation 
in which he trained two groups of rats 
to run to food in a straight alley maze, 
one group in a 20-ft. maze and the 
other group in a 40-ft. maze. When 
running time was measured in suc- 
cessive 5-ft. sections, it was found 
that the running time in the initial 
section for the short alley group was 
less than that in the comparable 
section for the long alley group. 

A factorial design was employed in 
a more recent study by Fredenburg 
(1) in which time of deprivation and 
alley length were varied. The data 
for Trial 1 and Trials 2, 3, and 4 
of each day were treated separately 
due to pronounced warm-up effects. 
Significant differences in running 
speed, measured in a 1-ft. segment 
in the initial portion of the maze, 
were obtained in both comparisons 
between animals maintained on 3-hr. 
food deprivation and animals main- 


1The research was conducted at the State 
University of Iowa under the direction. of 
K. W. Spence. 
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tained on 22-hr. deprivation. The 
2.75 ratio of long to short path did 
not produce a significant effect on 
running speeds; only Trial 1 of each 
day showed any effect of alley length 
(P < .09). While the difference be- 
tween the running speeds for the long 
and short paths tended to be larger 
for the low-drive group than for the 
high-drive group, the interaction was 
not significant. 

The interaction between time of 
deprivation and alley length has 
implications for alternative interpre- 
tations of within-chain delay of rein- 
forcement. If a nonsignificant inter- 
action is obtained, Hull’s (3) habit 
interpretation of within-chain delay 
will be rejected in favor of Spence’s 
(6) X-factor interpretation. The 
present study was designed to in- 
vestigate this interaction by using 
conditions similar to those in the 
Fredenburg study, but with a larger 
long to short path ratio. 


METHOD 


Subjects —The Ss were 80 experimentally 
naive female hooded rats from the colony 
maintained by the Department of Psychology 
at the State University of Iowa. Their ages 
ranged from 90-110 days at the beginning of 
the experiment. Twenty Ss were assigned 
randomly to each of four experimental groups. 

Apparatus—The apparatus consisted of a 
starting section, 1.25 ft. long, separated by two 
manually operated doors from a 16-ft. straight 
alley. The alley height and width were 3 in. 
and 6 in., respectively. A removable block with 
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a brass dish, .25 in. from the floor, was used as 
the goal piece. The block was inserted in the 
alley either 4 or 16 ft. from the starting box 
and | ft. from a retrace door. 

The entire apparatus was painted a flat black 
with the exception of the floor, which was covered 
with rubber matting. The top of the maze was 
covered with glass and the goal sections with 
hinged pieces of Plexiglas. Wooden frames, 
fitted over the outside of the maze to eliminate 
grooves in the sides of the alley proper, served as 
the frames for the retrace doors at the entrance 
to both goal sections. A black curtain extended 
across the alley .5 in. in front of the first retrace 
door. All doors were operated from behind the 
start box by means of a pulley system made 
possible by wooden crosspieces above the maze. 

The lighting arrangement was designed to 
assure dim, diffuse, and homogeneous lighting 
for the entire length of the maze. For illumina- 
tion, four 40-w. bulbs were equally spaced 5.5 ft. 
above the maze. Suspended over the length 
of the maze, 1 ft. below the bulbs, was a 17 X 2- 
ft. piece of cardbdard whose sides were each 
bent up 6in. A black curtain was draped over 
a wire frame 2 ft. above the maze. 

Model 330 of the Photo Contact Relay, 
Hunter Mfg. Co., Inc., was used in both the 
starting time and running time circuits. The 
light which activated the units was provided 
by three adequately shielded 1.5-w. lamps 
mounted on the outside of the alley directly 
opposite the units. The light passed through 
round holes, .5 in. in diameter. Raising the 
second door in front of the starting section 
started a Standard Electric clock which was 
stopped when S interrupted the light beam to a 
photo cell 3 in. distant. Similarly, in the run- 
ning time circuit, successive interruption of 
the light beams to two photo cells, which 
marked off a 1-ft. segment 1 ft. from the starting 
section, registered on another Standard Electric 
clock. 
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All components of the circuits which were 
superthreshold in noise were placed in an 
adjoining room. The clocks, enclosed in a 
semisoundproof box, were the only exception. 
A fan, placed on the floor behind the apparatus, 
provided a general masking noise. 

Procedure—The Ss were given 15 days 
habituation to a 24-hr. feeding rhythm, during 
which each S was fed for 1 hr. a day in an 
individual feeding cage. The 22-hr. and 3-hr. 
deprived groups were fed at a time appropriate 
to the subsequent experimental runs. 

On Day 1 of the experimental treatment, 
Ss were introduced into the starting box. As 
soon as S faced in the direction of the runway, 
the first door was raised. Approximately .5 
sec. later the second door was raised. Half 
of the Ss received two pellets of Purina Labora- 
tory Chow, .1 gm. each, at a goal 4 ft. distant, 
while the other half received the same reward at 
a goal 16 ft. distant. Within these two groups, 
half of the Ss ran under a low hunger drive, 
based on 3 hr. of food deprivation, while the 
other half ran at a high-drive level based on 22 
hr. of deprivation. The groups are designated 
as follows: Group 1, short alley—22 hr. of food 
deprivation (Sh-22) ; Group 2, long alley—22 hr. 
of food deprivation (Lg-22); Group 3, short 
alley—3 hr. of food deprivation (Sh-3); and 
Group 4, long alley—3 hr. of food deprivation 
(Lg-3). 

Two trials a day, at least 10 min. apart, were 
given to each S for 27 days. On Days 25-27, 
all Ss were prefed in the goal box prior to the 
first experimental run. The order of runs 
for the groups was assigned randomly at the 
beginning of the experiment but remained 
constant thereafter. Clock readings were taken 
At the 
end of each run, upon consumption of the reward, 
the animal to 
compartment in a carrying cage. 


after each trial to the nearest .01 sec. 


was removed an_ individual 


TABLE 1 


Means anv SD’s or Speeps on Trias 1 AND 2 oF Eacu Day ror Trias 1-48 





Running Speed 





Starting Speed 





Groups 


Trial 1 Trial 2 


Mean 





2.47 
1.78 
1.98 
1.59 
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Fic. 1. Mean starting speeds in four trial 


blocks for Trials 1-52. 


REsULTs 


The means and SD’s of the running 
and starting speeds for all groups 
on Trials 1 and:2 of each day for 
Trials 1-48 are presented in Table 1. 
While both starting and running 
speeds were greater on Trial 2 of each 
day than on Trial 1, for starting 
speeds the increases were not a 
function of either alley length or time 
of deprivation. For the running 
speed measures, as in the Fredenburg 
study (1), alley length differences 
disappeared on Trial 2 of each day. 
In view of the consistent results over 


TABLE 2 


ANALYsIs OF VARIANCE OF MEAN 
StartTiING SPEEDS FoR TRIALS 
1-48 








Source MS 





Total between Ss 
Deprivation (B) 
Alley length (C) 
BxcC 
Error 

Total within Ss 


2,775.19 


12.27** 

















trials obtained with the starting speed 
measures, these data were selected 
for presentation in Fig. 1. 

It is clear from an inspection of 
Fig. 1 that both alley length and 
deprivation time affected performance 
levels. The analysis of variance (5), 
presented in Table 2, yielded F’s 
of 18.22 (P< .001) and 6.77 
(P < .025) for alley length and dep- 
rivation time, respectively. Since 
the main effects of the experimental 
treatments did not differ with respect 
to Trials 1 and 2 of each day, the 
trials variable was ignored in the ¢ 
tests of the differences between groups. 
All comparisons yielded ¢ values 
significant at the .05 level with the 
exception of the comparison between 
the long alley groups (Groups 2 and 
4). 

The analysis of variance of the 
running speed data, presented in 
Table 3, failed to yield significant 
F’s for either of the experimental 
conditions. However, ¢ tests, justi- 
fied by the significant trial by alley 
length interaction (P < .005) indicate 
that the alley length factor had a 
significant effect on Trial 1 of each 
day (P < .025). 


TABLE 3 


ANALysis OF VARIANCE OF MEAN 
RunNnNING SPEEDS FoR TRIALS 
1-48 








Source df 





Total between Ss 79 
Deprivation (B) 
Alley length (C) 
BxC | | 
Error 7 

Total within Ss 80 
Trials (A) 1 

AXB 1 

1 
1 


1 59| 1.97 
| 1 ; 2.72 
2.57 

6 


|10,393.94 
115.06 
373.45 

14.16 
76 38.44 


270.37** 
2.99 
9.71* 
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Neither the starting speed nor the 
running speed measures yielded sig- 
nificant interactions between depriva- 
tion time and alley length. To 
facilitate consideration of these inter- 
actions, they are presented graphi- 
cally in Fig. 2° and 3. Consistent 
with the nonsignificant interaction 
found for the starting speeds, the 
lines connecting the drive levels for 
the two alley length conditions are 
parallel. While an interaction ap- 
pears to exist between drive level 
and alley length in the case of the 
running speed measures, particularly 
for Trial 2 of each day, it did 
not reach statistical significance 
(05 < P < .10). It will be recalled 
that in the previous study the larger 
difference between the alley length 
groups favored the low-drive condi- 
tion, which is opposite to the result 
found here. 

If the feeding in the goal box after 
the first daily run of the Learning 
Period was responsible for the in- 
creased speeds observed on the second 
daily trial, a prefeeding procedure 
would be expected to produce the 
same effect. Analyses of variance 
were performed which compared the 
Prefeeding Period with the last three 
days of the Learning Period. Both 
running and starting speeds on the 
first trials of each day were signifi- 
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Mean starting speeds for 
Trials 1-48. 
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— Short Alley 
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Fic. 3. Mean running speeds for 


Trials 1-48. 


cantly faster (P < .001) for the Pre- 
feeding Period. The differences be- 
tween the running speeds on the 
second trials of the Learning Period 
and the first trials of the Prefeeding 
Period were not significant (F = 1.52, 
P > .20). However, for starting 


speeds, the same comparisons yielded 
a significant F (F = 11.23, P < .005); 
that is, starting speeds were greater 


for the Prefeeding Period. 


Discussion 


While Hull (3) attributes the difference 
in response strength for long and short 
chains to a difference in habit strength 
at the beginning of each chain, Spence 
(6) interprets within-chain delay of 
reinforcement in terms of the incentive 
motivating. factor, K. From the Hul- 
lian position, in which it is assumed 
that (a) the habit strength of the initial 
S-R component of a response chain is a 
function of the length of the chain, (4) 
differential drive is a function of food 
privation, and (c) drive level and habit 
strength combine multiplicatively, the 
excitatory potentials for the short (Es) 
and long (E_) alleys would be as follows: 


Es = Hs X D 
E,. = Ht XD 


The differences between the excitatory 
potentials for the two alley lengths 
for the low-drive groups and the high- 
drive groups, respectively, would then 
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be: Es — Ex = Duw (Hs — Hx) and 
Es aa Ey = Duigh (Hs = Hz). Thus, it 
would be predicted that the difference 
between the response strengths for long 
and short chains would be larger for the 
high-drive groups than for the low-drive 
groups. 

The implications of Spence’s interpre- 
tation depend primarily on how K and 
D, as motivational variables, are assumed 
to combine. If they combine in a 
simple linear fashion the following rela- 
tionships are obtained: 


Es = H(D + Ks) 
E. = H(D+ Ki) 
Es — Ey = H (Ks — Kz) 


Thus, when it is assumed that habit 
strength combines multiplicatively with 
total drive which is an addition of all 
drives present, the resulting response 
strengths are a function only of the 
values of K, or are independent of hun- 
ger drive. One would expect, then, 
that the differences between the long 
and short alley groups would be the 
same for both drive conditions. 

The experimental evidence appears 
to be more consistent with Spence’s 
position. It will be recalled that the 
interactions between food deprivation 
and alley length were nonsignificant in 
all comparisons. However, the “warm- 
up” effect, the increased speeds on the 
second daily trials of the Learning Period, 
is problematic for either interpretation. 
From the comparisons between the Pre- 
feeding Period and the Learning Period, 
it is suggested that the effect was due to 
the first trial feedings. While goal- 
box behavior is critical in Spence’s 
treatment of the X-factor, such rapid 
changes in performance would not be 
expected. Also, there is no a priori 
reason to expect the changes to differ 
with length of delay, as was found 
for running speeds. Similarly, habit is 
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conceived by Hull to develop gradually 
as a function of the number of rein- 
forcements rather than being subject 
to rapid shifts in its strength. 

. The problem remains that there was a 
lack of consistency in the present experi- 
ment between running and _ starting 
speed measures. However, it might be 
argued that starting speed was a more 
sensitive measure, since it yielded sig- 
nificant and consistent effects for both 
experimental variables. 


SuMMARY 


Eighty rats were trained to run to food in a 
straight alley. A factorial design was employed 
with two lengths of alley and two levels of food 
deprivation. Running speeds were significantly 
faster for the short alley than for the long alley 
groups on Trial 1 of each day only, while for 
starting speeds the same effect was significant 
on both daily trials. Deprivation time had a 
significant effect only for starting speeds. The 
interaction between deprivation time and alley 
length was insignificant for both measures. 
The results were discussed in terms of Hull’s 
habit interpretation and Spence’s K-factor 
interpretation of within-chain delay of rein- 
forcement. 
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CORRECTION AND REANALYSIS 


NORMAN H. ANDERSON! 


Yale University 


W. K. Estes has kindly called our attention 
to an error in the Anderson-Grant article (2) 
where it was stated that the quantity b was an 
estimate of @(2a;— 1). The derivation of this 
result failed to take account of the information 
about the underlying response probability which 
is conferred by knowledge of the last response 
made. This necessitates a reconsideration of 
two conclusions of the earlier report: (a) that 
the quantities a and b were inconsistent as 
estimates of 6; and (b) that d could be interpreted 
as a statistic descriptive of a perseverative 
tendency. 

Fortunately, the situation can be handled 
correctly with the general estimation method 
for linear learning models developed by the first 
author (1) which uses thé sequential dependen- 
cies within the sequences of stimuli and re- 
sponses. In the context of the model in the 
earlier article, the relevant equations take the 
following special form: 


bi. = w{OajVi + (1 — 6)Vs] 
pi. r;(0(1 — aj) 
+ (1 — 26 + 6a;)V: — (1 — @)V2] 
= mL (1 — Oaj)Vi — (1 — 6)V2] 
Pi — fi12] 


Here z; is the probability of the noncontingent 
reinforcing event, E;; 6 is the learning rate; a; is 
the sharing parameter; V, and V; are the mean 
and second raw moments of the distribution of 
response probability, averaged over trials; 
Pia is the unconditional probability of a sub- 
sequence of the form (Response A; on Trial n, 
Event E; on Trial n, Response A; on Trial 
n+1), with definitions for the 
other p’s. The p’s are to be considered as 
averaged over the population of organisms on 
any given trial, and then averaged over trials. 
It may be noted that the same equations hold 
for single event trials (by setting a; = 1), and 
for event trials on which no learning occurs 
(taking @ = 0). 

Lines 1, 2, and 3 of Table | give the observed 
values of p;,1:/mj, Pj,2/*j, and (pj,21 — pj,12)/#j, 
respectively, for the double event trials, 7 = 0 
or 3. These values were obtained directly 
from the 2 X 2 tables of the frequencies of the 
four possible doublets of successive responses 
separated by a double event. All trials on 
which a double event occurred were used in the 
tabulations. 


pi = Ll — piu 


analogous 


1 Now at the University of California, Los Angeles. 
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Present interest centers on the differences 
in Lines 3 where a positive value means that 
the frequency of A; responses is higher following 
double events than itis preceding double 
events. The analysis of these differences, per- 
formed on the raw frequencies, is in Table 2. 
For Groups .30 and .45, the differences are 
uniformly positive and are significantly different 
from zero as shown by the F’s for Mean. The 
decreasing trend over trials is significant only 
for Groups .30. For Groups .60, the mean 
differences are small and nonsignificant. There 
is no indication that type of double event has an 
effect. 

Since V; is less than .5 in each trial block for 
Groups .30 and .45, (2, Fig. 4), the analysis 
demonstrates a increase in the 
probability of the less frequent A, response 
following double-event trials. Since V; is not 
much different from .5 for Groups .60, and since 
this effect does not appear here, it would evi- 
dently be better interpreted as a regression 
toward the chance level rather than as a regres- 
sion toward the A; response which was condi- 
tioned on Trials 1-100. 


significant 


TABLE 1 
OBSERVED AND PREDICTED SEQUENTIAL DEPENDENCIES 
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Trial Blocks 


Group Line 


101-200 


.192 
.162 
.O88 
.020 
.217 
.160 
.088 
015 
314 
.193 
O51 


.268 
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Note.—See text for explanation of entries. 
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TABLE 2 


ANALYSIS OF VARIANCE OF SEQUENTIAL 
DEPENDENCY DirFERENCES 








| 
| F's for Double-Event 
Frequency Groups 





30 45 





27.24* 
0.10 
(16.97) 


17.54* 
0.67 

(17.29) 

4.72* 1.04 


0.18 | O15 
(6.73) (10.73) 














Note.—Error mean squares in parentheses. 
*P < 05. 


The quantity } is obtainable as a conditional 
probability from Table 1. However, since } 
involves an estimated denominator, it is prefer- 
able to work directly with the unconditional 
probabilities. The question as to the consistency 
of a and } is then equivalent to asking whether 
@ as estimated by a will satisfy the equations 
above. The simplest check is gotten by sub- 
tracting the third equation from the second, 
and dividing by 2; to obtain @(1 — a,)(1 — 2V;) 
as the theoretical expression for the differences 
of Lines 3 of Table 2. The predicted regression 
thus depends on the learning rate, the sharing 
parameter, and the distance from the chance 
level of response. 

This expression may be evaluated from the 
earlier data (2). The sharing parameters were 
assigned the common value, .88, since type of 
double event had no effect in the above analysis. 
Using the obtained values for V;, and substitut- 
ing @ for @, (2, Fig. 4 and 5), this expression then 
yields the predicted values in Lines 4 of Table 2. 
It is seen that they are rather definitely too 
small compared to the observed values in Lines 
3. The inconsistency of a and b thus remains 
unresolved. 


The validity of interpreting 6 as descriptive 
of a perseverative tendency is unclear. In 
general, it is evident that interpretations of this 
kind must depend on some assumed model, 
explicit or implicit, which provides a null- 
hypothesis baseline. (The baseline used in the 
earlier article was the mean proportion of A; 
responses, which is invalid as soon as it is 
admitted that response probability changes 
or fluctuates from trial to trial.) This un- 
fortunately makes the intuitive meaning of } 
and analogous statistics model-dependent, but 
there seems to be no way to avoid the problem. 
Lacking an adequate model for the situation, 
it is necessary to view the earlier interpretation 
of b circumspectly. 

The regression effect discussed above is a 
source of difficulty to all the models which have 
been proposed for this experimental situation. 
The present sharing parameter model predicts 
values which are considerably too small. As 
presently formulated, the models of Neimark 
(4) and Atkinson (3) predict zero effect. It 
would seem that this discrepancy cannot be 
attributed to nonindependence of successive 
samples since the regression does not appear for 
Groups .60. It may be expected that a more 
extended investigation of the sequential de- 
pendencies will shed additional light on the 
problem. 
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ERRATUM 


In the article “Dimensional Analysis of Movement Reactions” by Edwin A. 
Fleishman, in the May, 1958, issue of this Journat (J. Exp. Psychol., 55, 
438-453), several reference numbers in the text should be changed to conform 
with the References at the end. On p. 439, 5th line from bottom, second 
column, Reference 7 should be Reference 10. On p. 442, the correct reference 
for Test 2 is Reference 13 instead of 12. On p. 443, the references for Tests 


7, 8, and 10 should be Reference 13. 
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SUPPLEMENTARY REPORT: PROCESSES UNDERLYING LEARNING 
A SINGLE PAIRED-ASSOCIATE ITEM! 


JOHN OLIVER COOK 
North Carolina State College 


As a test of the theoretical model of paired- 
associate learning previously outlined (1), a sec- 
ond paired-associate experiment was run on 160 
airmen, with eight groups of 10 in each treat- 
ment. As in the previous experiment, the same 
experimental materials were used, and the same 
two learning methods: Prompting (stimulus 
term, then response term, then overt practice 
of the response term) and Confirmation (stimu- 
lus term, overt practice of the response term, 
and then the response term). The superiority 
of the Prompting method, and hence of the 
model that predicts its superiority, had been 
questioned on the grounds that the highest 
level of learning achieved in the previous experi- 
ment was only 54.8% of the material. Had 
training been continued, it is alleged, Confirma- 
tion might have proved superior in the later 
stages. 

To meet this objection Ss in the present 
experiment were run to mastery with a test 
after every three of the 36 training trials. In 
terms of the number of correct responses, as the 
theoretical model predicted, Prompting proved 


1 This report is based on work done under ARDC 
Project No. 7709, Task No. 37305, in support of the 
research and development program the Air Force 
Personnel and Training Research Center, Lackland Air 
Force , Texas. 


superior throughout the learning curve (Table 
1). Prompting also proved superior in terms 
of the number of different “legitimate” responses 
(a “legitimate” response being any one of the 
10 response terms, whether elicited by its proper 
stimulus term or by one of the others). In 
the previous experiment this finding appeared 
only as a tendency but did not achieve signifi- 
cance. Prompting produced more substitution 
errors early in learning because Ss knew a larger 
number of response terms (“legitimate” re- 
sponses), but the number of substitution errors, 
as the model predicted, dropped off rapidly. 
In the Confirmation condition, substitution 
errors reached their peak later and showed a 
significant tendency to persist, due to the fact 
that the Confirmation method makes it difficult 
for the implicit response to the response term 
to become attached to the stimulus consequences 
of the implicit response to the stimulus term. 
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TABLE 1 


NUMBER OF CorRECT RESPONSES, DIFFERENT “LEGITIMATE” RESPONSES, AND SUBSTITUTION ERRORS 
(Means of medians of eight groups in each of two treatments) 
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* P values determined by Kruskal-Wallis rank test, using medians of the eight Prompting groups and medians 


of the eight Confirmation groups. 
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SUPPLEMENTARY REPORT: THE DIMINISHING INTERVAL 
CONDITIONING TECHNIQUE 


ROBERT E. MILLER anp JOHN V. MURPHY 
School of Medicine, University of Pittsburgh 


The technique of progressively diminishing the 
intertrial interval in avoidance conditioning has 
not only the practical advantage of considerable 
savings in testing time but also, of even greater 
significance, the avoidance response established 
under this procedure has been shown to be sig- 
nificantly more stable and resistant to extinction 
than a response established under the conven- 
tional nondiminishing procedure (1). The pres- 
ent study was designed to study the course of 
extinction of this remarkably stable response 
over an extended period. In addition to a group 
conditioned for 150 trials on a diminishing 
schedule, as in the previous experiment, a second 
group conditioned for only 100 trials was in- 
cluded. 


MeETuHop 


Subjects —Thirty male rats of the Carworth 
strain were used. The Ss were 50-60 days old 
at the beginning of training. 

Apparatus—The apparatus consisted of a 
two-compartment avoidance conditioning box 
(1). The two compartments were separated by 


a 2-in. barrier. 

Procedure—An avoidance response, barrier 
crossing, was conditioned to a buzzer CS in ac- 
cord with the method of the previous report (1). 
Ten conditioning trials were presented each day. 
The average intertrial interval was diminished 
in 10-sec. steps from 60 sec. to 20 sec. during 
conditioning. The Ss were randomly assigned 
to either a 10- or 15-day conditioning group. 














Fic. 1. The incidence of conditioned avoidance re- 
sponses and interval responses during extinction. 


The average interval was diminished 10 sec. 
every third day for the 10-day group and every 
fourth day for the 15-day group. 

Following conditioning, Ss were tested at the 
rate of 10 trials per day for a 72-day period on an 
extinction procedure, i.e., no shock was admin- 
istered for failure to respond. The intertrial 
interval during extinction averaged 20 sec. for 
each group. 


Resutts anv Discussion 


Three Ss in the 10-day group and two Ss in 
the 15-day group were discarded prior to extinc- 
tion testing for failure to meet the criterion of 
conditioning (1). The mean incidence of avoid- 
ance responses for the remaining Ss in successive 
blocks of 60 extinction trials is shown in Fig. 1. 
A repeated measures analysis indicated that 
there was no significant difference during extinc- 
tion between the 10-day and the 15-day groups. 
There was, however, a downward trend in the 
number of avoidance responses during the ex- 
tinction period (P < .05). 

These data indicate that the conditioned 
avoidance response established with the dimin- 
ishing interval technique had not approached 
extinction despite the extended period of testing. 
It appears that many hundreds of additional 
trials would be required to extinguish this re- 
sponse to zero level. For all practical purposes 
the avoidance conditioning established with this 
procedure might well be considered nonextin- 
guishable. 

Mean interval responses during the 72-day 
extinction period are shown in Fig. 1. These 
responses are, as the name implies, barrier- 
crossings which occur between trials and in the 
absence of either CS or UCS. A repeated meas- 
ures analysis showed no significant difference 
between the 10-day and 15-day groups. The 
incidence of interval responses increased sig- 
nificantly (P < .01) during the extinction phase. 


REFERENCE 


1. Murpny, J. V., & Mititer, R. E. Spaced and 
massed practice with a methodological considera- 
tion of avoidance conditioning. J. exp. Psychol., 
1956, 52, 77-81. 


(Received February 4, 1958) 











The uses of apparatus and laboratory procedure in psychological 
experiments. 


Laboratory 
Instrumentation 


in Psychology 


by W. W. Grings 
University of Southern California 
An introduction both for the student and for the professional man or 
woman in behavior research who seeks detailed information and evalua- 
tion on the use of equipment and techniques. 
282 pages, 142 illustrations, cloth, $4.75 
Order from your bookstore or from 


N-P PUBLICATIONS, The National Press, 850 Hansen Way 
Palo Alto, California 

















and on nerhednead sess mame 
» are ip aan immediate publication in 


PERCEPTUAL 
AND 
MOTOR 
SKILLS 


interested in these fields, 
current subscriptions to a Daas eit ($10. 00r (0.00 per yess, 
rate of $5.00 to individual members 


of back volumes may be obtained on request 


PERCEPTUAL AND MOTOR SKILLS 
PSYCHOLOGICAL REPORTS 
Box 1441 
Missoula, Montana 











